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EASIVENT" 


YOU'D  BE  SURPRISED  WHAT  NEW  EASIVENT"  WILL  HOLD. 

And  so  will  your  patients. 

Any  holding  chamber  will  hold  a  dose  of  respiratory 
medication.  But  only  the  EasiVent"'  Valved  Holding  Chamber 
is  designed  to  hold  the  complete  MDI  kit  inside.  Or  any 
other  personal  treasure  of  modest  size. 

Physicians,  respiratory  therapists,  and  patients  indicate  a  preference  for  the 
unique  design  of  EasiVent"'.*  Since  EasiVent"  improves  the  portability  of  asthma 
treatment,  it  encourages  patient  compliance. 

NAEPP  guidelines  also  recommend  that  all  patients  using  corticosteroids  use 
a  holding  chamber  to  maximize  dose  delivery.  Which  is  exactly  what  EasiVent™  is 
designed  to  do. 

EasiVent™  improves  medication  delivery  and  simplifies  patient  training,  with 
advanced  features  such  as  a  dual,  low-resistance  valve,  universal  MDI  port,  graphic 
instructions  printed  on  the  unit,  and  built-in  coaching  signal. 

Help  your  patients  with  compliance.  Specify  the  EasiVent'"  Valved  Holding  Chamber. 
It  not  only  holds  the  complete  MDI  kit  inside,  its  advanced  design  also  helps  the  patient 
get  maximum  benefit  from  their  medication.  And  that's  no  fish  story.  'Data  on  n\e. 
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SiqNAl  Extraction  TEchNoloqy^' 

an  evolution  in  pulse  oximetry 


exclusively  from 


Sixty  years  ago,  Karl  Matthes,  M.D.  envisioned  a  device  that 
would  non-invasively,  continuously  and  accurately  monitor  arterial 
oxygenation.  In  January  1998,  Masimo  Corporation  delivered 
Dr.  Matthes'  dream  —  reliable  and  accurate  pulse  oximetry  through 
signal  extraction  technology.  According  to  John  Severinghaus,  M.D., 
"I  saw  and  I  was  conquered.  I  was  not  able  to  defeat  the  Masimo  SET 
pulse  oximeter  using  all  of  the  motion  and  low  pulse  tricks  I  know. 
This  technology  is  most  impressive  and  should  be  valuable  in  all 
oximeters."  Masimo  licenses  it's  signal  extraction  technology  to  over 
twenty  patient  monitoring  companies  worldwide.  These  partners 
give  all  clinicians  access  to  this  revolutionary  pulse  oximetry, 
allowing  you  to  give  your  patients  the  care  they  deserve. 
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Source:  Barker  SJ,  Shah  NK.  The  Effects  of  Motion  on  the  Performance  of  Pulse  Oximeters  in  Volunteers. 
Anesthesiology  f 997;86(  1 ):  1 01  - 1 08. 
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Low  Perfusion  Study 


SpOj  System 


OXrSMABT 

N3000       N-200 


Drop  Out  Rate 


0.8% 


9.9%      17.8% 


True  Hypoxemias  Detected 


100%        66.7%     66.7% 


Source:  Barker  SJ,  Novak  S,  Morgan  S.  The  Performance  of  Three  Pulse  Oximeters  During  Low  Perfusion 
In  Volunteers.  Anesthesiology  y997;87(3A):A409. 


For  mora  Informat^lon  or  for  a  fraa  trial  evaluation,   please  contact  ua  at: 

1  -877-4-MASIMO    •    www.masimo.com 
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GALICfO 


The  new  view  of  Ventilation 

Derived  from  years  of  advanced  research  and  practical  clinical  experience,  HAMILTON  MEDICAL  introduces  GALILEO,  the  most 
advanced  ventilator  in  the  world.  GALILEO  combines  the  newest  innovative  technology  in  an  easy  to  operate  system.  Advanced 
Rules  Based  Strategic  Modes  combined  (Adaptive  Support  Ventilation  ASV)  with  Virtual  Controls  provides  the  maximum  in  patient 
care  flexibility  GALILEO  defines  a  new  dimension  in  the  ventilator  management  of  critically  ill  patients  today  and  into  the  future. 

GALILEO  is  the  ventilator  of  choice  to  implement  comprehensive  clinical  pathways  for  all  ventilator  patients.  Offering  the  clinician  a 
new  dimension  in  respiratory  care,  Ventilation  without  Limitations. 

GALILEO  is  available  from  your  local  HAMILTON  MEDICAL  partner  For  further  information,  contact  HAMILTON  MEDICAL  at 
www.hamilton-medical.ch,  phone  +41-81-641-2627,  fax  -h41 -81 -641 -2689  or  call  our  local  representative. 
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Size  Matters 


When  it  comes  to  spacers 


pacing  devices  improve  the  delivery  of 
medication  from  metered  dose  iniialers 


(MDIs)  by  delivering  impactionless  aerosol  and 
allowing  patients  to  entrain  medication  on  demand. 
Such  features  ensure  maximal  pulmonary  deposition 
at  receptor  sites  and  also  eliminate  patient  discomfort 
caused  by  the  high  velocity  aerosol  delivery  of 
conventional  MDIs. 

Despite  this  increase  in  efficacy 
and  comfort,  spacing  devices  are 
not  readily  used  simply  because 
they  are  too  large  to  conveniently 
carry  around.  The  Gentle-Haler®, 
by  using  a  sophisticated  trans- 
ducer system  and  advanced  patented  technology,  has 
replicated  the  benefits  of  spacers  without  an  increase 
in  size.  A  study  comparing  the  clinical  responses  of 
asthmatic  patients  using  the  Gentle-Haler®  versus  the 
AeroChamber®  Valved  Holding  Chamber  device 
showed  no  clinical  difference 

between  them.  However,  73%  of  the  patients  surveyed 
preferred  the  Gentle-Haler®.^ 


The  only 
pocketsize  spacer 


G*H        Gentle-Haler 


When  a  compari- 
son was  made 
between  the 
Gentle-Haler®  and 
the  radioaerosol 
deposition  pattern 
of  a  correctly  used 
conventional  MDI, 
results  showed  that 
the  deposition  and 
bronchodilator 
response  were 
similar.  The 
oropharyngeal 
deposition,  how- 
ever, was  reduced 
by  half  2  and  72% 
of  patients 
preferred  the 
Gentle-Halersiover 
the  MDI. 3 


Lung  deposition 
gamma  scintigraphy 


^^^B  Gentle-Haler® 

J 

Azmacort® 

^-^ 

AeroChamber® 

Conventional  IVIDI       Gentle-Haler 


Oropharyngeal  deposition 
gamma  scintigraphy 


Conventional  MDI       Gentle-Haler 


The  Gentle-Haler®  is  available  in  the  U.S.  from 
VORTRAN  Medical  Technology  1 ,  Inc.  and  is  marketed 
in  Europe  as  the  Spacehaler™  by  Evans  Medical 
Limited,  UK. 

'  B.  E.  Chipps,  M.D.,  Respiratory  Care,  December  1992 

2  S.P.  Newman,  Ph.D.,  Chest  1993 

'  S.M.  Nagy,  Jr.,  M.D.,  T.  Peirce,  M.D.,  I.  Ziment,  M.D.  Abstract  1987 


♦  Use  with  Any  MDI  Canister 

♦  Pocketsize  Spacer 
Ideal  1  -  3  |im  Particles 
Preferred  by  Patients 

♦  Easy  Coordination 

♦  Cost  Competitive 


Call  (800)  434-4034  to  order 

refund  on  all  unopened  products  returned  within  90 


3941  J  Street,  Suite  354  Tel:     (800)434-4034 

Sacramento,  CA  95819-3633    Fax:    (916)454-0490 
http:\\www. vortran.com  E-mail:  offlce@vortran.co 
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Abstracts 


Editorials,  Commentaries,  and  Reviews  To  Note 

Tension  Pneumothorax  during  Apnea  Testing  for  the  Determination  of  Brain  Death — Bar- 
Joseph  G,  Bar-Lavie  Y,  Zonis  Z.  Anesthesiology  1998;89(5):  1250- 1251. 

Spontaneous  Recovery  after  Discontinuation  of  Intraoperative  Cardiopulmonary  Resusci- 
tation: Case  Report— Frolich  MA.  Anesthesiology  1998;89(5):1252-1253. 

Massive  Pyramidal  Tract  Signs  after  Endotracheal  Intubation:  A  Case  Report  of  Spondy- 
loepiphyseal Dysplasia  Congenita — Redl  G.  Anesthesiology  1998;89(5):I262-1264. 

"Conventional"  and  "Unconventional"  Medicine:  Can  They  Be  Integrated? — Dalen  JE.  Arch 
Intern  Med  1998;158{20):2179-2181. 

Diagnosis  and  Treatment  of  Pulmonary  Tuberculosis — Diez  Herranz  A.  Eur  Respir  J  1998; 

12(5):  1 236. 

A  Steroid-Induced  Acute  Psychosis  in  a  Child  with  Asthma — Dawson  KL,  Carter  ER.  Pediatr 
Pulmonol  1998;26(5);362-364. 

High  Dose  Inhaled  Corticosteroids  and  Dose  Dependent  Loss  of  Diabetic  Control — Paul  JL, 
Tormey  W,  Tormey  V,  Burke  C.  BMJ  I998;317{7171):1491. 


Susceptibility  to  Periodic  Breathing  with  As- 
sisted Ventilation  during  Sleep  in  Normal 
Subjects — Meza  S,  Mendez  M,  Ostrowski  M, 
Younes  M.  J  Appl  Physiol  1998;85(5):I929. 

Assisted  ventilation  with  pressure  support 
(PSV)  or  proportional  assist  (PAV)  ventilation 
has  the  potential  to  produce  periodic  breathing 
(PB)  during  sleep.  We  hypothesized  that  PB 
will  develop  when  PSV  level  exceeds  the  prod- 
uct of  spontaneous  tidal  volume  (V^)  and  elas- 
tance  (V^-sp  •  E)  but  that  the  actual  level  at 
which  PB  will  develop  [PSV(PB)]  will  be  in- 
fluenced by  the  DeltaP(~(,2  (difference  between 
eupneic  Pj.,,,  "ind  COj  apneic  threshold)  and 
by  DeltaRR  [response  of  respiratory  rate  (RR) 
to  PSV].  We  also  wished  to  determine  the  PAV 
level  at  which  PB  develops  to  assess  inherent 
ventilatory  stability  in  normal  subjects.  Twelve 
normal  subjects  underwent  polysomnography 
while  connected  to  a  PSV/PAV  ventilator  pro- 
totype. Level  of  assist  with  either  mode  was 
increased  in  small  steps  (2-5  min  each)  until 
PB  developed  or  the  subject  awakened.  End- 
tidal  Pco2.  Vy.  RR,  and  airway  pressure  (Paw) 
were  continuously  monitored,  and  the  pressure 
generated  by  respiratory  muscle  (Pmus)  was 
calculated.  The  pressure  amplification  factor 
(PAP)  at  the  highest  PAV  level  was  calculated 
from  KDeltaPaw  +  Pmus)/Pmusl,  where  Delta- 
Paw  is  peak  Paw  -  continuous  positive  airway 


pressure.  PB  with  central  apneas  developed  in 
II  of  12  subjects  on  PSV.  DeltaP^Qj  ranged 
from  1 .5  to  5.8  Torr.  Changes  in  RR  with  PSV 
were  small  and  bidirectional  (-1-1.1  to  -3.5  min" 
i).  With  use  of  stepwise  regression,  PSV(PB) 
was  significantly  correlated  with  VTsp  (p  = 
0.001),  E  (p  =  0.  00009),  DeltaPco2  (P  = 
0.007),  and  DeltaRR  (p  =  0.006).  The  final 
regression  model  was  as  follows:  PSV(PB)  = 
11.1  VTsp  -I-  0.3E  -  0.4  DeltaPco2  -  0.34 
DeltaRR  -  3.4  (r  =  0.98).  PB  developed  in  five 
subjects  on  PAV  at  amplification  factors  of 
1.5-3.4.  It  failed  to  occur  in  seven  subjects, 
despite  PAP  of  up  to  7.6.  We  conclude  that  1 ) 
a  Pco2  apneic  threshold  exists  during  sleep  at 
1.5-5.8  Torr  below  eupneic  Pco2'  2)  the  de- 
velopment of  PB  during  PSV  is  entirely  pre- 
dictable during  sleep,  and  3)  the  inherent  su.s- 
ceptibility  to  PB  varies  considerably  among 
normal  subjects. 

A  Prospective  Evaluation  of  Clinical  Tests 
for  Placement  of  Laryngeal  Mask  Airways — 

Jo.shi  S,  Sciacca  RR,  Solanki  DR,  Young  WL, 
Mathru  MM.  Anesthesiology  I998;89(5):  1141. 

BACKGROUND:  Reliable  tests  of  con-ect  an- 
atomic placement  of  the  laryngeal  mask  air- 
way (LMA)  may  enhance  safety  during  use 
and  minimize  the  need  for  fiberoptic  in.stru- 
mentalion  during  airway  manipulation  through 


the  device.  This  study  assessed  the  correlation 
between  the  outcomes  of  nine  clinical  tests  to 
place  the  LMA  and  the  anatomic  position  of  the 
device  as  graded  on  a  standard  fiberoptic  scale. 
METHODS:  During  1 50  anesthetics,  the  outcome 
of  nine  clinical  tests  of  correct  placement  was 
individually  scored  as  satisfactory  (positive)  or 
unsatisfactory  (negative)  for  clinical  use  of  the 
LMA.  Anatomic  placement  was  assessed  (by  fi- 
beroptic evaluation)  by  an  anesthesiologist,  who 
was  blinded  to  the  placement  of  the  device,  as 
grade  1,  vocal  cords  not  seen;  grade  2,  cords  plus 
the  anterior  epiglottis  seen;  grade  3,  cords  plus 
the  posterior  epiglottis  seen;  and  grade  4,  only 
vocal  cords  seen.  The  outcomes  of  clinical  tests 
were  correlated  with  fiberoptic  grade.  RESULTS: 
Tests  that  correlated  with  the  fiberoptic  grade 
were  the  ability  to  generate  an  airway  pressure  of 
20  cm  water,  the  ability  to  ventilate  manually,  a 
black  line  on  the  LMA  in  midline,  anterior  move- 
ment of  the  larynx,  outward  movement  of  the 
LMA  on  inflation  of  the  cuff,  and  movements  of 
the  reservoir  bag  with  spontaneous  breathing. 
Two  tests,  ability  to  generate  airway  pressure  of 
20  cm  water  and  ability  to  ventilate  inanually, 
correlated  with  fiberoptic  grades  4  and  3  com- 
bined (i.e.,  the  epiglottis  was  supported  by  the 
LMA)  and  grade  2  (the  epiglottis  was  not  sup- 
ported by  the  LMA).  Tests  with  poor  correlation 
with  fiberoptic  grade  were  the  presence  of  resis- 
tance at  the  end  of  insertion,  inability  to  advance 
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Abstracts 


LMA  after  inflation  of  the  cuff,  and  presence  of 
a  capnographic  trace.  CONCLUSIONS:  The 
outcome  of  clinical  tests  correlates  with  the  an- 
atomic placement  of  LMAs,  as  judged  by  fiber- 
optic examination.  Two  tests  that  best  corre- 
lated with  the  fiberoptic  grade  were  the  ability 
to  generate  airway  pressure  of  20  cm  water  and 
the  ability  to  ventilate  manually. 


Inhaled  Nitric  Oxide,  Almitrine  Infusion,  or 
Their  Coadministration  as  a  Treatment  of 
Severe  Hypoxemic  Focal  Lung  Lesions — 

Paven  D,  Muret  J,  Beloucif  S,  Gatecel  C,  Ker- 
marrec  N,  Guinard  N,  Mateo  J.  Anesthesiology 
1998;89(5):1157. 

BACKGROUND:  The  partition  of  pulmonary 
blood  flow  between  normal  and  shunting  zones 
is  an  important  determinant  of  oxygen  tension 
in  arterial  blood  (Pa02)-  The  authors  hypothe- 
sized that  the  combination  of  inhaled  nitric  ox- 
ide (iNO)  and  almitrine  infusion  might  have 
additional  effects  related  to  their  pharmacologic 
properties  to  improve  P„o2-  Such  a  combination 
was  tested  in  patients  with  hypoxia  caused  by 
focal  lung  lesions,  distinct  from  the  acute  re- 
spiratory distress  syndrome.  METHODS:  Fif- 
teen patients  with  hypoxic  focal  lung  lesions 
despite  optimal  therapy  were  included  and  suc- 
cessively treated  with  (1)5  ppm  iNO,  (2)  low- 
dose  almitrine  infusion  (5.5  ±  1.7  microg  x 
kg"'  min"')  during  iNO,  and  (3)  almitrine  infu- 
sion alone  (with  NO  turned  off).  Then  iNO  was 
reintroduced  and  we  studied  the  effect  of  the 
coadministration  in  reducing  the  fractional  con- 
centration of  oxygen  in  inspired  gas  F,o2  and 
positive  end-expiratory  pressure  (PEEP)  levels. 
Changes  in  blood  gases  and  pulmonary  and  sys- 
temic hemodynamics  were  measured.  RE- 
SULTS: Systemic  hemodynamic  variables  re- 
mained stable  in  all  protocol  conditions.  Use  of 
iNO  improved  arterial  oxygenation  and  de- 
creased intrapulmonary  shunt.  Almitrine  simi- 
larly improved  PaO,  but  increased  pulmonary 
artery  pressure  and  right  atrial  pressure.  Coad- 
ministration of  iNO  and  almitrine  improved 
PaOj  compared  with  each  drug  alone  and  with 
control.  All  patients  responded  (that  is,  they 
had  at  least  a  -1-30%  increase  in  PaOj)  to  this 
coadministration.  When  the  drug  combination 
was  continued,  F,o2  and  PEEP  could  be  re- 
duced over  8  h.  The  hospital  mortality  rate  was 
33%  and  unrelated  to  hypoxia.  CONCLU- 
SIONS: In  hypoxemic  focal  lung  lesions,  iNO 
or  low-dose  almitrine  markedly  improved  PaOj 
to  a  similar  extent.  Furthermore,  the  coadmin- 
istration amplified  the  PaOj  increase  at  a  level 


Increased  Levels  of  Cigarette  Use  among  Col- 
lege Students:  A  Cause  for  National  Con- 
cern— Wechsler  H,  Rigotti  NA,  Gledhill-Hoyt 
J,  Lee  H.  JAMA  I998;280(I9):1673. 


CONTEXT:  Adolescent  smoking  prevalence  is 
tracked  annually  and  has  increased  since  1991. 
In  contrast,  little  is  known  about  trends  in  smok- 
ing among  college  students,  a  group  that  has 
previously  been  more  resistant  to  tobacco  use 
than  other  young  adults.  OBJECTIVE:  To  ex- 
amine changes  in  cigarette  smoking  among  col- 
lege students  between  1993  and  1 997  and  among 
different  types  of  students  and  colleges.  DE- 
SIGN: Self-administered  survey  (Harvard 
School  of  Public  Health  College  Alcohol  Study). 
SETTING:  One  hundred  sixteen  nationally  rep- 
resentative 4-year  colleges.  SUBJECTS:  A  to- 
tal of  15103  randomly  selected  students  in  1993 
(70%  response  rate)  and  14251  students  in  1997 
(60%  response  rate).  MAIN  OUTCOME  MEA- 
SURES: Self-reports  of  cigarette  smoking  in 
the  past  30  days  and  in  the  past  year,  age  at 
smoking  first  cigarette,  and  number  of  attempts 
to  quit.  RESULTS:  Over  4  years,  the  preva- 
lence of  current  (30-day)  cigarette  smoking  rose 
by  27.8%,  from  22.3%  to  28.5%  (p<.001).  The 
increase  was  observed  in  99  of  116  colleges 
and  was  statistically  significant  (p<.05)  in  27 
(23%)  of  them.  Current  smoking  increased 
across  all  student  subgroups  (defined  by  sex, 
race/ethnicity,  and  year  in  school)  and  in  all 
types  of  colleges.  Smoking  is  rising  faster  in 
public  schools  (from  22.0%  to  29.3%)  than  in 
private  schools  (from  22.9%  to  26.8%).  Eleven 
percent  of  college  smokers  had  their  first  ciga- 
rette and  28%  began  to  smoke  regularly  at  or 
after  age  19  years,  by  which  time  most  were 
already  in  college.  Half  of  current  smokers  tried 
to  quit  in  the  previous  year;  1 8%  had  made  5  or 
more  attempts  to  quit.  CONCLUSIONS:  Ciga- 
rette use  is  increasing  on  campuses  nationwide 
in  all  subgroups  and  types  of  colleges.  Substan- 
tial numbers  of  college  students  are  both  start- 
ing to  smoke  regularly  and  trying  to  stop.  Na- 
tional efforts  to  reduce  smoking  should  be 
extended  to  college  students. 

Molecular  and  Geographic  Patterns  of  Tu- 
berculosis Transmission  after  15  Years  of  Di- 
rectly Observed  Therapy — Bishai  WR,  Gra- 
ham NM,  Harrington  S,  Pope  DS,  Hooper  N, 
Astemborski  J,  et  al.  J  AM  A  1 998  ;280(  1 9):  1 679. 

CONTEXT:  Recent  studies  suggest  that  one 
third  of  tuberculosis  cases  in  urban  areas  result 
from  recent  transmission.  Improved  tuberculo- 
sis control  measures  such  as  uniform  imple- 
mentation of  directly  observed  therapy  might 
reduce  the  proportion  of  cases  resulting  from 
recent  transmission.  OBJECTIVE:  To  determine 
patterns  of  tuberculosis  transmission  in  Balti- 
more, Md,  after  15  years  of  community-based 
directly  observed  therapy.  DESIGN:  A  30- 
month  (January  1994-June  1996),  prospective, 
city-wide  study  of  all  cases  of  tuberculosis  using 
traditional  contact  investigations,  geographic  in- 
formation systems  data,  and  molecular  epidemi- 
ologic comparison  of  Mycobacterium  tuberculo- 
sis isolates  with  2  DNA  probes.  PATIENTS:  One 


hundred  eighty-two  patients  with  culture-positive 
tuberculosis.  MAIN  OUTCOME  MEASURES: 
Proportion  of  disease  defined  as  recently  ttans- 
mitted  based  on  epidemiologic  linkage  by  tradi- 
tional contact  tracing  and  molecular  linkage  by 
DNA  fingerprint  analysis  of  isolates;  geographic 
foci  of  transmission  based  on  linkage  of  residences 
by  geographic  information  systems  data.  RE- 
SULTS: Of  the  182  patients  who  had  isolates  of 
M  tuberculosis  available,  84  (46%)  showed  mo- 
lecular clustering  with  58  (32%)  defined  as  being 
recently  transmitted.  Only  20  (24%)  of  84  cases 
with  clustered  DNA  fingerprints  had  epidemio- 
logic evidence  of  recent  contact.  Geographic  anal- 
ysis showed  significant  spatial  aggregation  of  the 
20  clustered  cases  with  epidemiologic  links 
(p<.001 ),  occurring  in  areas  of  low  socioeconomic 
status  and  high  drug  use.  The  64  cases  with  clus- 
tered DNA  fingerprints  but  without  epidemiologic 
links  shared  common  risk  factors  and  demographic 
features  with  the  20  clustered  patients  who  did 
have  epidemiologic  links.  CONCLUSIONS:  Re- 
cently transmitted  tuberculosis  accounts  for  a  high 
proportion  of  toberculosis  cases  in  Baltimore.  Re- 
cently transmitted  cases  occur  in  geographically 
distinct  areas  of  Baltimore,  and  location-based 
control  efforts  may  be  more  effective  than  contact 
tracing  for  the  early  identification  of  cases. 

Herbs  As  Medicines — Winslow  LC,  Kroll  DJ. 
Arch  Intern  Med  1998;158(20):2192. 

Herbs  and  related  products  are  commonly  used 
by  patients  who  also  seek  conventional  health 
care.  All  physicians,  regardless  of  specialty  or 
interest,  care  for  patients  who  use  products  that 
are  neither  prescribed  nor  recommended.  Some 
herbs  have  been  extensively  studied,  but  little  is 
known  about  others.  When  a  patient  asks  for 
advice  regarding  the  use  of  a  particular  herb, 
how  should  a  physician  respond?  Similarly,  how 
does  a  physician  determine  if  a  patient's  symp- 
toms are  caused  by  a  "remedy"?  This  review 
attempts  to  answer  these  questions  by  investi- 
gating pertinent  definitions,  the  history  of  herbs 
in  medicine,  epidemiology  and  prevalence  of 
herbal  use,  and  relevant  psychosocial  issues. 

Tracheal  Transplantation  for  Carinal  Recon- 
struction in  Dogs — Kawahara  K,  Inutsuka  K, 
Hiratsuka  M,  Makihata  S,  Okabayashi  K,  Shi- 
raishi  T,  Shirakusa  T.  J  Thorac  Cardiovasc  Surg 
I998;I16(3):397. 

BACKGROUND:  Experimental  carinal  allo- 
transplantation has  been  performed  with  tra- 
cheocarinal  Y-shaped  allografts  in  dogs.  In  this 
study  we  tried  canine  carinal  reconstruction  with 
cylindrical  allografts.  MATERIAL  AND 
METHODS:  Carinal  reconstruction  was  per- 
formed with  allotransplantation  of  cylindrical 
trachea  in  dogs,  and  graft  healing  was  evalu- 
ated by  bronchoscopic  observation,  mucosal 
blood  flow  measurement,  and  histologic  exam- 
ination. A  section  of  the  recipient  carina  con- 
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taining  five  tracheal  rings  and  two  main  stem 
bronchi  was  removed,  and  a  donor  trachea  seven 
rings  long  was  inserted  between  the  recipient 
trachea  and  the  left  main  stem  bronchus;  then 
side-to-end  anastomosis  was  performed  between 
the  graft  midportion  and  recipient  right  main 
stem  bronchus  (new  carina).  The  grafts  were 
wrapped  with  pedicled  omentum.  Fresh  grafts 
were  transplanted  into  one  group  of  dogs  (n=8), 
and  grafts  cryopreserved  for  1  week  were  trans- 
planted into  another  group  (n=7).  RESULTS: 
No  anastomotic  leakage  occurred  in  any  dog. 
Excellent  healing  of  grafts  and  graft  anastomo- 
ses was  observed  by  fiberoptic  bronchoscopy  in 
six  dogs  (75%)  in  the  fresh  graft  group  and  in 
four  dogs  (57%)  in  the  cryopreserved  graft 
group.  The  mucosal  blood  flow  in  the  new  ca- 
rina decreased  remarkably  and.  although  it  re- 
covered, mucosal  blood  flow  remained  under 
the  preoperative  level  on  day  28  after  the  op- 
eration. CONCLUSION:  Cylindrical  tracheal  al- 
lotransplantation is  useful  for  carinal  reconstruc- 
tion, and  the  method  of  side-to-end  anastomosis 
between  the  donor  trachea  and  recipient  bron- 
chus is  a  feasible  and  accessible  procedure  in 
dogs. 

Hematocrit  Value  on  Intensive  Care  Unit  En- 
try Influences  the  Frequency  of  Q-Wave 
Myocardial  Infarction  after  Coronary  Artery 
Bypass  Grafting.  The  Institutions  of  the  Mul- 
ticenter  Study  of  Perioperative  Ischemia  (Mc- 
SPI)  Research  Group— Spiess  BD.  Ley  C. 
Body  SC,  Siegel  LC,  Stover  EP.  Maddi  R.  et  al. 
J  Thorac  Cardiovasc  Surg  1998;1 16(3):460. 

OBJECTIVES:  No  data  exist  regarding  "the 
best"  hematocrit  value  after  coronary  artery  by- 
pass graft  surgery.  Transfusion  practice  varies, 
because  neither  an  optimal  hematocrit  value  nor 
a  uniform  transfusion  trigger  criterion  has  been 
determined.  METHODS:  To  investigate  the  op- 
timal hematocrit  value,  we  studied  2202  pa- 
tients undergoing  coronary  bypass.  The  hemat- 
ocrit value  on  entry  into  the  intensive  care  unit 
(IHCT)  was  categorized  into  three  groups:  high 
(a  34%),  medium  (25%  to  33%),  and  low  (< 
24%).  Characteristics  and  adverse  events  (out- 
comes) were  compared,  and  the  effect  of  IHCT 
on  the  risk  of  myocardial  infarction  was  deter- 
mined by  logistic  regression.  RESULTS:  High 
IHCT  (>  34%)  was  associated  with  an  increased 
rate  of  myocardial  infarction  (8.3%  vs  5.5%  vs 
3.6%;  p  £  0.03,  high,  medium  vs  low)  and  with 
more  .severe  left  ventricular  dysfunction  (11.7% 
vs  7.4%  and  5.7%:  p=0.006.  high,  medium  vs 
low).  Mortality  rate  increased  with  higher  IHCT 
when  all  the  high-risk  subgroups  were  com- 
bined (8.6%  vs  4.5%  vs  3.2%;  p  <  0.001,  high, 
medium  vs  low).  By  multivariate  analysis,  IHCT 
remained  the  most  significant  predictor  of  ad- 
verse outcomes  (relative  risk  high  vs  low  2.22, 
95%  confidence  interval:  1 .04  to  4.76).  No  char- 
acteristic, event,  medication,  or  transfusion  ther- 
apy confounded  the  relationship  between  IHCT 
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and  outcome.  CONCLUSION:  High  IHCT  is 
associated  with  a  higher  rate  of  myocardial  in- 
farction and  is  an  independent  predictor  of  in- 
farction. On  the  basis  of  the  risk  of  myocardial 
infarction,  there  is  no  rationale  for  transfusion 
to  an  arbitrary  level  after  coronary  artery  by- 
pass grafting. 

Prone  Positioning  in  Acute  Lung  Injury — 

Dries  DJ.  J  Trauma  I998;45(4):849. 

More  than  20  years  ago,  critical  care  workers 
first  observed  that  oxygenation  improved  when 
patients  with  acute  respiratory  distress  syndrome 
were  ventilated  in  the  prone  position.  In  recent 
reports,  on  turning  prone,  from  50  to  100%  of 
patients  improve  oxygenation  to  a  degree  suf- 
ficient to  allow  a  reduction  in  the  level  of  pos- 
itive end-expiratory  pressure  or  fraction  of  in- 
spired oxygen.  It  appears  that  vascular 
conductance  in  lung  regions  previously  in  the 
dorsal  position  is  augmented  by  an  increase  in 
air  space  volume,  with  the  effect  that  prone 
position  ventilation  will  reduce  shunt  and  im- 
prove ventilation-perfusion  mismatch.  Factors 
determining  which  patients  will  respond  have 
not  yet  been  elucidated.  Although  many  ques- 
tions regarding  the  role  of  prone  ventilation  are 
unanswered,  of  greatest  importance  is  whether 
this  technique  reduces  morbidity  and  mortality 
of  patients  with  acute  respiratory  failure.  Only 


carefully  conducted,  randomized  trials  can  an- 
swer this  question. 

Delayed  Hemothorax  after  Blunt  Thoracic 
Trauma:  An  Uncommon  Entity  with  Signif- 
icant Morbidity — Simon  BJ,  Chu  Q,  Emhoff 
TA,  Fiallo  VM.  Lee  KF.  J  Trauma  1998;45(4): 
673. 

OBJECTIVE:  To  describe  the  nature  of  delayed 
hemothorax  occurring  after  blunt  thoracic 
trauma  and  to  identify  the  population  at  risk  for 
this  complication.  METHODS:  A  retrospective 
review  was  conducted  of  36  consecutive  pa- 
tients with  hemothorax  consequent  to  blunt 
trauma.  Criteria  for  the  definition  of  delayed 
hemothorax  were  established  involving  normal 
interval  chest  radiographs  or  computed  tomo- 
graphic scans  during  hospitalization.  RE- 
SULTS: Twelve  cases  of  delayed  development 
of  hemothorax  were  identified.  Ninety-two  per- 
cent of  cases  occurred  in  patients  with  multiple 
or  displaced  rib  fractures.  Presentation  occurred 
from  18  hours  to  6  days  after  injury.  Eleven  of 
the  12  cases  were  heralded  by  a  prodrome  of 
new  pleuritic  chest  pain  and  dyspnea  that  oc- 
curred from  4  to  19  hours  before  treatment. 
CONCLUSION:  Delayed  hemothorax  after 
blunt  trauma  is  a  unique  entity  occurring  in 
patients  with  multiple  or  displaced  rib  fractures. 
Vigilance  for  the  recognizable  prodrome  in  the 
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high-risk  population  should  allow  early  reme- 
diation of  this  complication. 

Effectiveness  of  Helicopter  Versus  Ground 
Ambulance  Services  for  Interfacility  Trans- 
port— Arfken  CL,  Shapiro  MJ,  Bessey  PQ,  Lit- 
tenberg  B.  J  Trauma  1998;45(4):785. 

BACKGROUND:  Helicopters  provide  rapid  in- 
terfacility transport,  but  the  effect  on  patients  is 
largely  unknown.  METHODS:  Patients  re- 
quested to  be  transported  between  facilities  by 
helicopter  were  followed  prospectively  to  de- 
termine survival,  disability,  health  status,  and 
health  care  utilization.  A  total  of  1,234  patients 
were  transported  by  the  primary  aeromedical 
company;  153  patients  were  transported  by 
ground  and  25  patients  were  transported  by  other 
aeromedical  services  because  of  weather  or  un- 
availability of  aircraft.  RESULTS:  There  were 
no  differences  at  30  days  for  survivors  in  dis- 
ability, health  status,  or  health  care  utilization. 
Nineteen  percent  of  helicopter-transported  pa- 
tients died  compared  with  15%  of  those  trans- 
ported by  ground  (p=0.21).  CONCLUSION: 
The  patients  transported  by  helicopter  did  not 
have  improved  outcomes  compared  with  pa- 
tients transported  by  ground.  These  data  argue 
against  a  large  advantage  of  helicopters  for  in- 
terfacility transport.  A  randomized  trial  is 
needed  to  address  these  issues  conclusively. 

Tlie  ICD-9-Based  Illness  Severity  Score:  A 
New  Model  That  Outperforms  Both  DRG 
and  APR-DRG  As  Predictors  of  Survival  and 
Resource  Utilization — Rutledge  R,  Osier  T. 
J  Trauma  1998;45(4):791. 

OBJECTIVE:  This  project  is  designed  to  de- 
velop and  validate  a  predictive  model  that  is  a 
useful  benchmarking  and  quality  of  care  assess- 
ment tool  based  on  International  Classification 
of  Diseases,  Ninth  Revision  (ICD-9),  diagnoses 
and  procedures.  This  model,  the  ICD-9-Based 
Illness  Severity  Score  (ICISS),  was  developed 
from  the  Agency  for  Health  Care  Policy  Re- 
search's Health  Care  Utilization  Project  data- 
base and  is  used  to  predict  hospital  survival, 
hospital  length  of  stay,  and  hospital  charges  of 
injured  patients  admitted  to  University  of  North 
Carolina  Hospitals.  The  study  also  compared 
the  outcome  predictions  of  ICISS  with  those  of 
the  long-established  diagnosis-related  groups 
(DRG)  and  the  3M  product  APR-DRG  systems. 
METHODS:  We  performed  a  retrospective 
study  of  9,483  trauma  patients  at  University  of 
North  Carolina  Hospitals.  A  model  was  devel- 
oped to  predict  survival,  length  of  stay,  and 
hospital  charges.  The  accuracy  of  the  model  of 
survival  was  assessed  using  the  area  under  the 
receiver-operating  characteristics  curve;  the  ad- 
justed R"  statistic  was  used  to  judge  the  pro- 
portion of  variation  described  by  the  models  of 
length  of  stay  and  hospital  charges.  RESULTS: 
ICISS  proved  to  be  superior  to  both  DRG  and 


APR-DRG  in  predicting  survival  of  trauma  pa- 
tients: the  area  under  the  receiver-operating 
characteristics  curve  for  prediction  of  hospital 
survival  was  0.957  for  ICISS,  0.707  for  DRG, 
and  0.808  for  APR-DRG.  ICISS  also  outper- 
formed DRG  and  APR-DRG  in  predicting  hos- 
pital length  of  stay  and  hospital  charges:  the 
adjusted  R"  for  the  ICISS  length  of  stay  model 
was  0.57,  compared  with  the  DRG  length  of 
stay  model  with  adjusted  R^  of  0.31  and  the 
APR-DRG  length  of  stay  model  with  adjusted 
R-  of  0.35.  The  adjusted  R-  for  the  ICISS  hos- 
pital charges  model  was  0.67,  compared  with 
the  DRG  and  APR-DRG  hospital  charges  model 
R-  of  0.46  and  0.51,  respectively  (p  <  0.001  in 
all  cases).  CONCLUSION:  This  study  demon- 
strates that  an  ICD-9-based  predictive  model 
(ICISS)  can  markedly  outperform  both  DRG 
and  APR-DRG  as  a  predictor  of  survival,  hos- 
pital length  of  stay,  and  hospital  charges. 


A  15- Year  Follow-Up  Study  of  Ventilatory 
Function  in  Adults  with  Asthma — Lange  P, 
Parner  J,  Vestbo  J,  Schnohr  P,  Jensen  G. 
N  Engl  J  Med  1998;339(17):1 194. 

BACKGROUND:  Although  the  prevalence  of 
asthma  and  morbidity  related  to  asthma  are  in- 
creasing, little  is  known  about  the  natural  his- 
tory of  lung  function  in  adults  with  this  disease. 
METHODS:  We  used  data  from  a  longitudinal 
epidemiologic  study  of  the  general  population 
in  a  Danish  city,  the  Copenhagen  City  Heart 
Study,  to  analyze  changes  over  time  in  the  forced 
expiratory  volume  in  one  second  (FEY,)  in 
adults  with  self-reported  asthma  and  adults  with- 
out asthma.  The  study  was  conducted  between 
1976  and  1994;  for  each  patient,  three  measure- 
ments of  lung  function  were  obtained  over  a 
1 5-year  period.  The  final  data  set  consisted  of 
measurements  from  17,506  subjects  (8136  men 
and  9370  women),  of  whom  1095  had  asthma. 
RESULTS:  Among  subjects  who  participated 
in  all  three  evaluations,  the  unadjusted  decline 
in  FEV,  among  subjects  with  asthma  was  38 
mL  per  year,  as  compared  with  22  mL  per  year 
in  those  without  asthma.  The  decline  in  FEV, 
normalized  for  height  (FEV,  divided  by  the 
square  of  the  height  in  meters)  was  greater 
among  the  subjects  with  asthma  than  among 
those  without  the  disease  (p<0.001).  Among 
both  men  and  women,  and  among  both  smokers 
and  nonsmokers,  subjects  with  asthma  had 
greater  declines  in  FEV,  over  time  than  those 
without  asthma  (p<0.001).  At  the  age  of  60 
years,  a  175-cm-tall  nonsmoking  man  without 
asthma  had  an  average  FEV,  of  3.05  liters,  as 
compared  with  1.99  liters  for  a  man  of  similar 
age  and  height  who  smoked  and  had  asthma. 
CONCLUSIONS:  In  a  sample  of  the  general 
population,  people  who  identified  themselves 
as  having  asthma  had  substantially  greater  de- 
clines in  FEV  I  over  time  than  those  who  did 
not. 


Treatment  of  Pulmonary  Hypertension  and 
Hypoxia  Due  To  Oleic  Acid  Induced  Lung 
Injury  with  Intratracheal  Prostaglandin  El 
during  Partial  Liquid  Ventilation — Naka- 
zawa  K,  Uchida  T,  Matsuzawa  Y,  Yokoyama 
K,  Makita  K,  Amaha  K.  Anesthesiology  1998; 
89(3):686. 

BACKGROUND:  Partial  liquid  ventilation  us- 
ing perfluorocarbon  liquids  may  be  of  thera- 
peutic benefit  in  patients  with  acute  respiratory 
failure.  This  study  investigated  the  effects  of 
prostaglandin  El  (PGEl)  delivered  intratrache- 
ally  during  partial  liquid  ventilation  on  lung 
function  and  pulmonary  circulation  in  rabbits 
with  acute  respiratory  distress  syndrome. 
METHODS:  Lung  injury  was  induced  by  intra- 
venous oleic  acid  in  adult  Japanese  white  rab- 
bits, 1  h  after  which  they  were  divided  into  four 
groups  of  10  animals.  Group  I  received  me- 
chanical ventilation  alone,  group  2  received 
aerosolized  PGEl  (5  microg  followed  by  0.1 
microg  x  kg"'  x  min')  under  mechanical  ven- 
tilation combined  with  5  cm  H,0  positive  end- 
expiratory  pressure,  and  groups  3  and  4  received 
partial  liquid  ventilation  with  15  mL/kg  per- 
flubron.  Group  4  received  a  5-microg  bolus  fol- 
lowed by  0.1  microg  x  kg"'  x  min"'  PGEl  in- 
stilled intratracheally  (not  by  aerosol)  in 
combination  with  partial  liquid  ventilation.  Mea- 
surements were  performed  at  30-min  intervals 
for  120  min  after  lung  injury.  RESULTS:  After 
lung  injury,  hypoxemia,  hypercapnia,  acidosis, 
and  pulmonary  hypertension  developed  in  all 
animals  and  were  sustained  in  groups  1  and  2 
throughout  the  experiment.  The  partial  pressure 
of  oxygen  in  arterial  blood  of  animals  in  group 

3  improved  with  initiation  of  treatment,  with 
statistical  significance  achieved  at  the  30  and 
60  min  time  points  as  compared  with  controls. 
Group  4  animals  had  immediate  and  sustained 
increases  in  the  partial  pressure  of  oxygen  in 
arterial  blood  that  were  significant  compared 
with  all  other  groups  during  the  experiment. 
Statistically  significant  reductions  in  mean  pul- 
monary artery  pressure  were  seen  only  in  group 

4  animals  compared  with  all  other  groups.  CON- 
CLUSIONS: These  results  suggest  that  PGEl 
delivered  intratracheally  during  partial  liquid 
ventilation  may  be  a  useful  therapeutic  strategy 
for  patients  with  the  acute  respiratory  distress 
syndrome. 

Chest  Roentgenography  after  Outpatient 
Thoracentesis — Capizzi  SA,  Prakash  UB. 
Mayo  Clin  Proc  1998;73(10):948. 

OBJECTIVE:  To  evaluate  the  clinical  utility  of 
posteroanterior  chest  roentgenograms  after  tho- 
racentesis in  the  outpatient  setting.  DESIGN: 
We  undertook  a  retrospective  study  of  clinical 
records  of  outpatient  thoracenteses  performed 
between  January  and  December  1996  by  the 
Division  of  Pulmonary  and  Critical  Care  Med- 
icine at  Mayo  Clinic,  Rochester.  MATERIAL 
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AND  METHODS:  The  medical  records  of  54 
men  and  39  women  who  underwent  1 23  outpa- 
tient thoracenteses  were  reviewed.  Exclusion 
criteria  were  the  need  for  pleural  biopsy  at  time 
of  thoracentesis  or  the  need  for  ultrasound- 
guided  assistance  for  completion  of  the  proce- 
dure. Indications  for  thoracentesis  and  posttho- 
racentesis  chest  roentgenography  were 
analyzed.  RESULTS:  Of  123  thoracenteses  per- 
formed in  the  outpatient  setting  during  the  spec- 
ified study  period,  104  met  the  inclusion  crite- 
ria. Of  these  104  thoracenteses,  54  (52%)  were 
followed  by  chest  roentgenography.  Pneumo- 
thorax occurred  in  only  5  of  these  104  proce- 
dures (5%),  in  5  separate  patients.  Three  of  these 
patients  were  asymptomatic  and  did  not  require 
therapeutic  intervention;  the  two  symptomatic 
patients  required  hospitalization  and  chest  tube 
drainage.  Of  the  two  pneumothoraces  in  pa- 
tients with  symptoms,  one  was  detected  on  the 
same  day  as  the  thoracentesis,  and  the  other 
was  diagnosed  2  days  later.  The  patients  who 
did  not  undergo  postthoracentesis  chest  roent- 
genography had  no  reported  complications.  Of 
the  54  chest  roentgenograms,  52  were  obtained 
in  asymptomatic  patients,  with  no  suspicion  of 
pneumothorax.  These  x-ray  studies  led  to  a  to- 
tal cost  of  $4,862  and  detection  of  three  pneu- 
mothoraces that  did  not  require  therapy.  CON- 
CLUSION: Routine  performance  of  chest 
roentgenography  after  outpatient  thoracentesis 
can  incur  substantial  cost.  A  more  selective  ap- 
proach to  this  practice  is  needed,  both  to  opti- 
mize patient  care  and  to  manage  limited  med- 
ical resources  efficiently.  Postthoracentesis 
chest  roentgenograms  should  be  limited  to  pa- 
tients with  symptoms  indicative  of  thoracente- 
sis-induced  pneumothorax. 

Altitude-Related  Illnesses.  Klocke  DL,  Decker 
WW,  Stepanek  J.  Mayo  Clin  Proc  1998;73(10): 
988. 

Altitude-related  illnesses  are  a  frequent  cause 
of  morbidity  and  occasional  mortality  in  trav- 
elers to  high  altitudes  in  the  United  States  and 
throughout  the  world.  The  primary  altitude  ill- 
nesses are  acute  mountain  sickness,  high-alti- 
tude pulmonary  edema,  and  high-altitude  cere- 
bral edema.  The  pathogenesis  of  these 
syndromes  remains  unclear  despite  considerable 
research.  Altitude  also  has  potential  deleterious 
effects  on  common  medical  conditions  includ- 
ing coronary  artery  disease,  pulmonary  disease, 
hemoglobinopathies,  and  pregnancy.  Most  of 
these  problems  are  primarily  preventable  with 
appropriate  information  before  travel.  Educa- 
tion should  include  information  about  rate  of 
ascent,  diet,  alcohol  intake,  physical  activity, 
and  preventive  medications,  including  acetazol- 
amide,  nifedipine,  and  dexamethasone  in  se- 
lected circumstances. 

Perception  of  Fatigue  and  Quality  of  Life  in 
Patients  with  COPD — Breslin  E,  van  der 


Schans  C,  Breukink  S,  Meek  P,  Mercer  K,  Volz 
W,  Louie  S.  Chest  1998;1 14(4):958. 

INTRODUCTION:  Although  dyspnea  is  con- 
sidered the  primary  activity-limiting  symptom 
in  patients  with  COPD,  other  symptoms,  such 
as  fatigue,  are  frequently  reported.  The  purpose 
of  this  study  was  to  determine  the  relationship 
between  fatigue  and  pulmonary  function,  exer- 
cise tolerance,  depression,  and  quality  of  life  in 
patients  with  COPD.  METHODS:  Forty-one  pa- 
tients (age  =  62±8  years;  FEV,  =  I.08±0.55 
L;  FEV,  percent  predicted  =  35.8±  17%)  from 
two  sites  participated  in  the  study.  Spirometric 
measures  of  pulmonary  function  were  carried 
out  in  each  patient.  The  Multidimensional  Fa- 
tigue Inventory  was  used  to  measure  five  sub- 
scales  of  fatigue:  general,  physical  and  mental 
fatigue,  reduction  in  activity,  and  reduction  in 
motivation.  The  St.  George  Respiratory  Ques- 
tionnaire, used  to  measure  quality  of  life,  has 
three  subscale  dimensions  (symptom,  activity, 
and  impact),  as  well  as  an  overall  or  total  qual- 
ity of  life  score.  Depression  was  measured  with 
the  Centers  of  Epidemiological  Studies  Depres- 
sion Scale.  In  19  patients,  exercise  tolerance 
was  determined  with  the  6-min  walking  dis- 
tance. RESULTS:  General  fatigue  correlated 
with  FEV  I,  percent  predicted  (r  =  -0.32,  p  < 
0.05),  exercise  tolerance  (r  =  -0.55,  p  <  0.05), 
depression  (r  =  0.44,  p  <  0.01),  and  overall 
quality  of  life  (r  =  0.75,  p  <  0.01).  Among  the 
dimensions  of  fatigue,  depression  correlated 
with  general  and  mental  fatigue  only.  Physical 
dimensions  of  fatigue  correlated  with  an  increase 
in  the  severity  of  pulmonary  impairment  and 
reduction  in  exercise  tolerance.  The  cognitive 
components  of  fatigue,  such  as  reduction  in  mo- 
tivation and  mental  fatigue,  were  not  found  to 
be  highly  correlated  with  physical  dimensions 
of  quality  of  life.  All  five  subscales  of  fatigue 
showed  relationship  to  the  functional  impact 
dimension  and  total  impairment  score  in  quality 
of  life.  CONCLUSIONS:  These  data  show  a 
relationship  between  dimensions  of  fatigue  and 
pulmonary  function,  exercise  tolerance,  and 
quality  of  life  in  COPD.  Based  on  these  results, 
fatigue  is  an  important  symptom  requiring  eval- 
uation and  management  in  patients  with  COPD. 
These  data  clarified  also  the  relationship  be- 
tween depression  and  fatigue  in  this  patient  pop- 
ulation. 

Exercise  Limitation  in  Obstructive  Lung  Dis- 
ease— Murariu  C,  Ghezzo  H,  Milic-Emili  J, 
Gamier  H.  Chest  1998;1 14(4):965, 

OBJECTIVE:  To  study  the  relationship  of  rest- 
ing pulmonary  function  to  maximal  exerci.se 
power  output  (Wmax)  in  obstructive  lung  dis- 
ease (OLD).  SETTING:  University  Hospital 
Pulmonary  Function  Laboratory.  SUBJECTS: 
Twenty-five  patients  with  OLD  (6  with  asthma 
and  19  with  COPD).  METHODS:  Measurement 
of  pulmonary  lung  function,  resting  arterial 


blood  gases,  and  maximal  symptom-limited  ex- 
ercise on  a  cycle  ergometer.  RESULTS  AND 
CONCLUSIONS:  In  OLD,  the  only  significant 
contributor  to  Wmax  was  the  inspiratory  capac- 
ity if  =  0.66;  p  <  0.001). 

Inspiratory  Flow  Rate  and  Dynamic  Lung 
Function  in  Cystic  Fibrosis  and  Chronic  Ob- 
structive Lung  Diseases — Sarinas  PS,  Robin- 
son TE,  Clark  AR,  Canfield  J  Jr,  Chitkara  RK, 
Pick  RB  Jr.  Chest  1998;1 14(4):988. 

STUDY  OBJECTIVES:  The  peak  inspiratory 
flow  rates  (PIFRs)  generated  by  cystic  fibrosis 
(CF)  and  COPD  patients  through  a  range  of 
clinically  relevant  resistances  have  not  yet  been 
reported  (to  our  knowledge).  The  objectives  of 
this  study  were  to  (I)  explore  a  relevant  range 
of  resistive  loads  and  address  whether  patients 
with  stable  CF  and  COPD  can  generate  the  PIFR 
sufficient  to  disperse  dry-powder  inhalants 
(DPI)  and  (2)  determine  whether  the  optimal 
inspiratory  flow  rate  effective  for  delivery  of 
aerosolized  pharmacologic  therapeutic  agents 
can  be  attained  with  a  comfort  rating  acceptable 
to  subjects.  DESIGN:  Prospective,  controlled, 
subject-blinded  study.  SETTING:  Pulmonary 
function  laboratory  at  the  VA  Palo  Alto  Health 
Care  System.  PATIENTS  OR  PARTICI- 
PANTS: Thirty-six  subjects,  including  12 
healthy  volunteers,  1 2  subjects  with  CF,  and  1 2 
subjects  with  COPD  were  studied.  MEASURE- 
MENTS: Studies  of  dynamic  lung  function  and 
PIFR  without  and  with  varying  resistances  were 
obtained  at  a  single  laboratory  visit.  RESULTS: 
Dynamic  lung  function  and  PIFR  varied  in- 
versely with  the  resistive  load  for  all  patient 
groups  and  did  not  correlate  with  the  disease 
severity,  as  indicated  by  FEV,  of  percent  pre- 
dicted. The  average  subjective  comfort  rating 
for  any  given  resistive  load  was  similar  for  sub- 
jects with  CF  and  COPD.  CONCLUSIONS: 
These  results  support  the  conclusion  that  sub- 
jects with  stable  CF  and  COPD  of  varying  se- 
verity can  comfortably  generate  the  necessary 
flow  rates  to  operate  new  and  currently  avail- 
able DPIs  over  a  wide  range  of  inspiratory  re- 
sistances. 

Comparison  of  the  Flutter  Device  to  Stan- 
dard Chest  Physiotherapy  in  Hospitalized  Pa- 
tients with  Cystic  Fibrosis:  A  Pilot  Study — 

Homnick  DN,  Anderson  K,  Marks  JH.  Chest 
1998;114(4):993. 

STUDY  OBJECTIVE:  A  preliminary  study 
comparing  the  efficacy  and  safety  of  the  flutter 
device  (Flutter)  to  standard,  manual  chest  phys- 
iotherapy (CPT)  in  hospitalized  cystic  fibrosis 
(CF)  patients  undergoing  an  acute  pulmonary 
exacerbation.  DESIGN:  Open  label,  compara- 
tive trial  with  alternate  assignment.  SETTING: 
Community  and  childrens'  hospital  acute-care 
wards.  PARTICIPANTS:  Twenty-two  CF  pa- 
tients (ages  8  to  44  years)  undergoing  a  total  of 
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33  hospitalizations  for  acute  pulitionary  exac- 
erbation. INTERVENTIONS:  Complete  pulmo- 
nary function  tests  (PFTs)  were  done  at  base- 
line (admission),  weekly,  and  upon  discharge 
from  the  hospital.  Clinical  score  (CS)  was  de- 
termined at  the  time  of  hospital  admission  and 
at  discharge.  Participants  were  assigned  to  re- 
ceive supervised  Flutter  therapy  or  standard, 
manual  CPT  four  times  per  day  during  the  hos- 
pitalization. Patients  were  monitored  for  com- 
plications, including  hemoptysis,  hypoxemia, 
and  pneumothorax.  RESULTS:  The  groups 
(CPT  and  Flutter)  did  not  differ  at  baseline  in 
demographics  or  Shwachman  score,  nor  was 
length  of  hospitalization  different.  Significant 
improvements  were  noted  from  admission  to 
discharge  in  CS  and  PFT  results  within  each 
group.  Mean  percent  change  in  CS  and  PFT 
results  between  CPT  and  Flutter  groups  showed 
no  significant  difference  from  hospital  admis- 
sion to  discharge.  Subsequent  power  analysis 
using  the  observed  difference  in  percent  change 
from  admission  to  discharge  for  FEV,  indicated 
that  to  attain  80%  power  at  alpha  =  0.05,  a 
sample  of  219  subjects  in  each  group  would  be 
necessary.  SUMMARY:  Comparative  trials  of 
airway  clearance  techniques  with  sufficient  sam- 
ple size  are  lacking.  Although  the  Flutter  ap- 
pears to  be  a  useful  device  for  independent, 
cost-effective,  and  safe  administration  of  CPT 
in  this  pilot  study,  a  much  larger  clinical  trial 
would  be  necessary  to  make  definitive  conclu- 
sions. 

Integrating  Patient  Preferences  into  Health 
Outcomes  Assessment:  The  Multiattribute 
Asthma  Symptom  Utility  Index — Revicki  DA, 
Leidy  NK.  Brennan-Diemer  F,  Sorensen  S,  To- 
gias  A.  Chest  I998;II4(4):998. 

STUDY  OBJECTIVE:  To  develop  and  eval- 
uate a  brief,  easy-to-administer  symptom  as- 
sessment scale  for  use  as  a  preference-based 
outcome  measure  in  clinical  trials  and  cost- 
effectiveness  studies  in  asthma.  DESIGN: 
Cross-sectional  survey  with  2-week  reproduc- 
ibility assessment.  SETTING:  Ambulatory  care: 
university  asthma  and  allergy  center.  PARTIC- 
IPANTS: One  hundred  sixty-one  adults  with 
asthma,  59%  female,  mean  age  35  ±11  years. 
Mean  FEV,  percent  predicted  was  86±17%. 
INTERVENTIONS:  The  11-item  Asthma 
Symptom  Utility  Index  (ASUI).  MEASURE- 
MENTS AND  RESULTS:  Mean  ASUI  score 
for  this  sample  was  0.71  ±0.23,  with  a  range 
from  0.02  to  1.0.  The  ASUI  was  reproducible 
(intraclass  correlation  coefficient  =  0.74)  and 
able  to  distinguish  patients  known  to  differ  on 
disease  severity  according  to  clinician  ratings 
(p  <  0.(X)1)  and  by  an  asthma  disease  severity 
scale  score  (p  <  0.001).  The  instrument  was 
also  significantly  correlated  with  FEV,  percent 
predicted  (r  =  0.27,  p  <  0.001).  the  Asthma 
Quality  of  Life  Questionnaire  (r  =  0.77,  p  < 
0.001),  and  the  Health  Utilities  Index  Mark  2 
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(r  =  0.36,  p  <  0.001).  CONCLUSION:  The 
results  of  this  study  support  the  reHabihty  and 
validity  of  the  ASUl,  suggesting  it  will  be  a 
useful,  complementary  patient  outcome  mea- 
sure for  clinical  trials  and  cost-effectiveness 
studies  comparing  treatment  alternatives  for  per- 
sons with  asthma. 

Inadequate  Literacy  Is  a  Barrier  to  Asthma 
Knowledge  and  Self-Care.  Williams  MV, 
Baker  DW,  Honig  EG,  Lee  TM,  Nowlan  A. 
Chest  1998.;114(4):1008. 

STUDY  OBJECTIVES:  To  determine  the  rela- 
tionship of  literacy  to  asthma  knowledge  and 
ability  to  u.se  a  metered-dose  inhaler  (MDI) 
among  patients  with  asthma.  DESIGN:  Cross- 
sectional  survey.  SETTING:  Emergency  depart- 
ment and  asthma  clinic  at  an  urban  public  hos- 
pital. PATIENTS:  Convenience  sample  of  273 
patients  presenting  to  the  emergency  department 
for  an  asthma  exacerbation  and  210  patients 
presenting  to  a  specialized  asthma  clinic  for 
routine  care.  INTERVENTIONS:  Measurement 
of  literacy  with  the  Rapid  Estimate  of  Adult 
Literacy  in  Medicine,  asthma  knowledge  (20 
question  oral  test),  and  demonstration  of  MDI 
technique  (six-item  assessment).  MEASURE- 
MENTS AND  RESULTS:  Only  27%  of  pa- 
tients read  at  the  high-school  level,  although 
two  thirds  reported  being  high-,school  gradu- 
ates; 33%  read  at  the  seventh-  to  eighth-grade 
level,  27%  at  the  fourth-  to  sixth-grade  level, 
and  13%  at  or  below  the  third-grade  level.  Mean 
asthma  knowledge  scores  (±SD)  were  directly 
related  to  reading  levels:  15.1  ±2.5,  I3.9±2.5, 
13.4±2.8,  11.9±2.5,  respectively  (p  <  0.01). 
Patient  reading  level  was  the  strongest  predic- 
tor of  asthma  knowledge  score  in  multivariate 
analysis.  Poor  MDI  technique  ( s  3  correct  steps) 
was  found  in  89%  of  patients  reading  at  less 
than  the  third-grade  level  compared  with  48% 
of  patients  reading  at  the  high-school  level.  In 
multivariate  regression  analy.ses,  reading  level 
was  the  strongest  predictor  of  MDI  technique. 
CONCLUSIONS:  Inadequate  literacy  was  com- 
mon and  strongly  correlated  with  poorer  knowl- 
edge of  asthma  and  improper  MDI  use. 

Early  Prediction  of  Poor  Response  in  Acute 
Asthma  Patients  in  the  Emergency  Depart- 
ment—Rodrigo  G,  Rodrigo  C.  Chest   1998; 

11 4(4):  10 16. 

STUDY  OBJECTIVES:  The  aim  of  this  study 
was  to  develop  an  acute  asthma  index  for  uti- 
lization in  the  eariy  differentiation  between  pa- 
tients with  poor  and  good  therapeutic  response 
in  the  emergency  department  (ED)  setting.  SET- 
TING: The  ED  of  a  large  tertiary-care  hospital 
in  Montevideo,  Uruguay.  PATIENTS  AND  DE- 
SIGN: The  study  included  145  consecutive  adult 
patients  (mean  age  [±  SEM],  33. 4 ±0.97)  who 
presented  to  an  ED  (analysis  .sample).  The  in- 
clusion criteria  were:  (I)  age  between  18  and 


50  years;  (2)  a  peak  expiratory  flow  rate  (PEER) 
or  FEV,  below  35%  of  predicted;  and  (3)  no 
history  of  chronic  cough  or  cardiac,  hepatic, 
renal,  or  other  medical  disease.  INTERVEN- 
TIONS: All  patients  were  treated  with  salbuta- 
mol  delivered  by  metered-dose  inhaler  into  a 
spacer  device  in  four  puffs  actuated  at  lO-min 
intervals.  The  protocol  involved  3  h  of  this  treat- 
ment. After  that  time,  patients  with  poor  re- 
sponse received  hydrocortisone,  500  mg  I.V. 
The  outcome  was  defined  as  the  FEV,  after  3  h 
of  treatment  in  a  dichotomized  form:  s  45%  of 
predicted  =  poor  respon.se,  and  >  45%  of  pre- 
dicted =  good  response.  RESULTS:  Bi.serial 
correlations  between  different  variables  and  the 
outcome  showed  that  PEER  as  percent  of  pre- 
dicted and  PEER  variation  over  baseline,  both 
measured  at  30  min,  were  the  most  important 
predictors  of  a  good  or  poor  response  after  3  h 
of  treatment.  Next,  we  developed  an  acute 
asthma  index  using  these  predictive  measures. 
A  comparison  of  index  sensitivity,  specificity, 
predictive  values,  and  the  area  under  the  re- 
ceiver operating  characteristic  (ROC)  curve 
across  different  cutoff  scores  indicates  that  a 
score  of  4  results  in  the  least  error  of  classifi- 
cation (sensitivity  =  0.79;  specificity  =  0.96; 
area  under  the  ROC  curve  =  0.87;  positive  pre- 
dictive value  =  0.94;  and  negative  predictive 
value  =  0.86).  To  validate  the  developed  index, 
we  prospectively  studied  a  second  sample  of  77 
consecutive  patients  (mean  age  32. 6±  1.22 
years)  who  presented  for  treatment  of  acute 
asthma  (validation  sample).  The  area  under  the 
ROC  for  the  analysis  sample  was  not  greater 
than  the  validation  sample  area  (p  =  0.24).  Thus, 
the  validation  sample  showed  similar  levels  of 
sensitivity  and  specificity,  positive  and  nega- 
tive predictive  values,  and  area  under  the  ROC 
curve  (0.80,  0.88,  0.85,  0.84,  and  0.89,  respec- 
tively), indicating  the  stability  of  the  model. 
CONCLUSIONS;  The  study  suggested  the  pre- 
dictive accuracy  of  a  two-item  bedside  index. 
This  acute  asthma  index  provides  a  tool  for 
assessing  acute  asthma  severity  using  objective 
criteria  easily  accessible  to  the  ED  physician. 

Reduction  of  Diffusion  Capacity  for  Carbon 
Monoxide  in  Diabetic  Patients — Ljubic  S,  Me- 
telko  Z,  Car  N,  Roglic  G,  Drazic  Z.  Chest  1998; 
114(4):  1033. 

Diabetes  can  cause  the  development  of  pulmo- 
nary complications  due  to  collagen  and  elastin 
changes,  as  well  as  microangiopathy.  This  study 
demonstrates  the  relationship  between  pulmo- 
nary complications  and  other  chronic  compli- 
cations in  diabetes.  Twenty-seven  patients  with 
diabetes,  aged  21  to  62  years,  who  had  had  the 
disease  from  3  to  32  years,  were  included  in 
this  study.  The  protein  excretion  rate  (PER)  and 
the  diffusion  capacity  of  the  lung  for  carbon 
monoxide  (Dlco)  were  included  as  parameters 
of  the  severity  of  complications.  PER  was  de- 
termined by  the  Biuret  method.  Dn-o  *3s  mea- 


sured by  the  single-breath  method  and  was  cor- 
rected by  the  measurement  of  alveolar  volume 
(V^).  The  values  of  Dlco  as  corrected  by  V^ 
(D,  ( x/V^)  were  included  in  the  statistical  eval- 
uation of  the  results.  The  variables  of  age,  du- 
ration of  diabetes,  and  complication  parameters 
were  included  in  a  multiple  regression  model 
with  forward,  stepwise  selection  to  assess  their 
value  in  predicting  Df^cx/^A-  The  variables  were 
found  to  be  significant  predictors  of  Dlcc/V/' 
(R-  =  0.46,  adjusted  R-  =  0.32,  p  <  0.022). 
However,  proteinuria  was  the  only  significant 
independent  predictor  of  DlcqA'a.  This  find- 
ing indicates  that  both  renal  and  pulmonary  com- 
plications of  diabetes  share  a  similar  microan- 
giopathic background. 

Pulse  Oximetry  in  Severe  Carbon  Monoxide 

Poisoning— Hampson  NB.  Chest  1998; 1 14(4): 
1036. 

STUDY  OBJECTIVES:  To  evaluate  the  accu- 
racy and  quantitate  the  error  of  pulse  oximetry 
measurements  of  arterial  oxygenation  in  patients 
with  severe  carbon  monoxide  (CO)  poisoning. 
DESIGN:  Retrospective  review  of  patient  clin- 
ical records.  SETTING:  Regional  referral  cen- 
ter for  hyperbaric  oxygen  therapy.  PATIENTS: 
Thirty  patients  referred  for  treatment  of  acute 
severe  CO  poisoning  who  demonstrated  car- 
boxyhemoglobin  (COHb)  levels  >25%,  with 
simultaneous  determinations  of  arterial  hemo- 
globin oxygen  saturation  by  pulse  oximetry 
(Spo,)  and  arterial  blood  gas  (ABG)  techniques. 
MEASUREMENTS  AND  RESULTS:  COHb 
levels  and  measurements  of  arterial  oxygenation 
from  pulse  oximetry,  ABG  analysis,  and  labo- 


tently  overestimated  the  fractional  arterial  ox- 
ygen saturation.  The  difference  between  arte- 
rial hemoglobin  oxygen  saturation  (S„o,) 
calculated  from  ABG  analysis  and  Spo,  in- 
creased with  increasing  COHb  level.  CONCLU- 
SIONS: Presently  available  pulse  oximeters 
overestimate  arterial  oxygenation  in  patients 
with  severe  CO  poisoning.  An  elevated  COHb 
level  falsely  elevates  the  S^,,,  measurements 
from  pulse  oximetry,  usually  by  an  amount  less 
than  the  COHb  level,  confirming  a  prior  obser- 
vation in  an  animal  model.  Accurate  assess- 
ment of  arterial  oxygen  content  in  patients  with 
CO  poisoning  can  currently  be  performed  only 
by  analysis  of  arterial  blood  with  a  laboratory 
CO-oximetry. 

Effect  of  Body  Posture  on  Spirometric  Val- 
ues and  Upper  Airway  Obstruction  Indices 
Derived  from  the  Flow-Volume  Loop  in 
Young  Nonobese  Subjects — Meysman  M, 
Vincken  W.  Chest  1998;1  I4(4):I042. 

STUDY  OBJECTIVE:  To  define  the  effect  of 
changes  in  body  posture  on  flow-volume  loops 
(FVLs)  and  four  commonly  u.sed  indices  of  up- 
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per  airway  obstruction  (UAO)  in  young,  nono- 
bese  normal  subjects.  DESIGN:  Prospective 
comparative  study.  SETTING:  Pulmonary  func- 
tion laboratory  at  an  academic  hospital.  PAR- 
TICIPANTS: Thirty-one  normal  volunteers.  IN- 
TERVENTION: At  least  three  FVLs  per  posture 
were  obtained  in  the  sitting,  supine,  and  left  and 
right  lateral  recumbent  postures  while  maintain- 
ing a  constant  position  of  the  head  and  neck  in 
relation  to  the  trunk.  In  each  body  posture,  the 
largest  observed  flow  rates  were  used  to  calcu- 
late the  UAO  indices.  RESULTS:  When  sub- 
jects changed  from  the  sitting  to  each  of  the 
three  recumbent  postures,  all  spirometric  val- 
ues decreased  significantly  (p<0.0001).  How- 
ever, among  the  four  UAO  indices,  only  the 
FEV|/peak  expiratory  flow  ratio  increased  sig- 
nificantly (although  only  slightly,  by  2.9  and 
4.4%,  respectively)  in  both  the  right  and  left 
lateral  recumbent  postures  (p<0.0001),  but  not 
in  the  supine  posture.  None  of  the  subjects  de- 
veloped an  inspiratory  or  expiratory  plateau  on 
the  FVL  in  any  of  the  three  recumbent  postures. 
CONCLUSIONS:  In  young,  nonobese  normal 
subjects,  recumbency  does  not  induce  UAO,  at 
least  not  detectable  by  changes  in  the  FVL  con- 
figuration or  in  UAO  indices  derived  from  the 
FVL.  Furthermore,  the  study  provides  the  up- 
per limits  of  recumbency-related  changes  in  the 
various  UAO  indices  for  young,  nonobese  nor- 
mal subjects. 

A  10- Year  Follow-Up  of  Snoring  in  Men — 

Lindberg  E,  Taube  A,  Janson  C,  Gislason  T, 
Svardsudd  K,  Boman  G.  Chest  1998;114(4): 
1048. 

STUDY  OBJECTIVES:  Little  is  known  about 
the  natural  development  of  snoring,  and  this 
survey  was  conducted  to  study  the  development 
of  snoring  in  men  over  a  10-year  period.  DE- 
SIGN: Population-based  prospective  survey. 
SETTING:  The  Municipality  of  Uppsala,  Swe- 
den. PARTICIPANTS  AND  MEASURE- 
MENTS: In  1984,  3,201  randomly  selected  men 
aged  30  to  69  years  answered  a  questionnaire 
on  snoring  and  sleep  disturbances.  Of  the  2,975 
survivors  in  1994,  2,668  (89.7%)  answered  a 
new  questionnaire  with  identical  questions  to 
those  used  at  baseline.  Questions  about  smok- 
ing habits,  alcohol,  and  physical  activity  were 
also  added.  RESULTS:  Habitual  snoring  was 
reported  by  393  men  (15.0%)  in  1984  and  by 
529  (20.4%)  10  years  later.  In  both  1984  and 
1994,  the  prevalence  of  snoring  increased  until 
age  50  to  60  years  and  then  decreased.  Risk 
factors  for  being  a  habitual  snorer  at  the  fol- 
low-up were  investigated  using  multiple  logis- 
tic regression  with  adjustments  for  previous 
snoring  status,  age,  body  mass  index  (BMI), 
weight  gain,  smoking  habits,  and  physical  ac- 
tivity. In  men  aged  30  to  49  years  at  baseline. 
the  predictors  of  habitual  snoring  at  the  follow- 
up,  in  addition  to  previous  snoring  status,  were 
as  follows:  persistent  smoking  (adjusted  odds 


ratio,  95%  confidence  interval)  ( 1 .4,  1 . 1  to  1 .9), 
BMI  1984  (1.1,  1.02  to  1.1/kg/m^)  and  weight 
gain  ( 1 . 1 ,  1 .03  to  1 .2/kg/m'^).  Among  men  aged 
50  to  69  years,  after  adjustments  for  previous 
snoring  status  and  age,  weight  gain  was  the 
only  significant  risk  factor  for  developing  ha- 
bitual snoring  (1.2,  1.05  to  1.4/kg/m-).  CON- 
CLUSIONS: In  men,  the  prevalence  of  snoring 
increases  up  to  the  age  of  50  to  60  years  and  is 
then  followed  by  a  decrease.  Weight  gain  is  a 
risk  factor  for  snoring  in  all  age  groups,  while 
smoking  is  mainly  a.s,sociated  with  snoring  in 
men  <60  years  of  age. 

Daytime  CPAP  Titration:  A  Viable  Alterna- 
tive for  Patients  with  Severe  Obstructive 
Sleep  Apnea — Rosenthal  L,  Nykamp  K,  Guido 
P,  Syron  ML,  Day  R,  Rice  M,  Roth  T.  Chest 
1998:1 14(4):  1056. 

OBJECTIVE:  Continuous  positive  airway  pres- 
sure (CPAP)  is  the  treatment  of  choice  for  pa- 
tients diagnosed  with  severe  obstructive  sleep 
apnea  (OSA).  The  implementation  of  CPAP 
therapy  has  traditionally  been  based  on  full- 
night  titration  studies  or  split-night  protocols. 
This  study  compared  a  group  of  patients  who 
received  a  regular  nocturnal  CPAP  titration  with 
patients  who  received  a  daytime  CPAP  titra- 
tion. The  objective  of  the  study  was  to  deter- 
mine if  daytime  CPAP  titration  is  a  viable  al- 
ternative for  the  implementation  of  CPAP 
treatment  in  patients  with  severe  OSA.  STUDY 
DESIGN:  Fourteen  patients  (13  men  and  one 
woman)  received  a  daytime  CPAP  titration  (day 
group).  The  day  group  was  matched  to  18  pa- 
tients (17  men  and  one  woman)  who  were  ti- 
trated under  a  full-night  regular  nocturnal  study 
(night  group).  Eligible  patients  were  those  with 
severe  OSA  (respiratory  event  index  >  40). 
The  groups  were  matched  by  age,  sex,  and  body 
mass  index.  RESULTS:  Daytime  and  nocturnal 
CPAP  titration  studies  yielded  sufficient 
amounts  of  rapid  eye  movement  (REM)  and 
non-REM  sleep  to  help  determine  CPAP  set- 
tings. Importantly,  the  diurnal  and  nocturnal 
CPAP  titrations  resulted  in  comparable  thera- 
peutic pressures  as  well  as  comparable  resolu- 
tion of  sleep-disordered  breathing.  After  1  week 
of  treatment,  the  groups  exhibited  similar  CPAP 
use  and  comparable  improvements  in  subjec- 
tive sleepiness  as  indicated  by  their  increase  in 
sleep/wake  activity  inventory  scores.  CONCLU- 
SIONS: Daytime  CPAP  titration  studies  may 
be  a  viable  alternative  for  the  efficient  and  ex- 
pedient implementation  of  CPAP  therapy  among 
some  patients  with  severe  OSA. 

Continuous  Positive  Airway  Pressure  Re- 
quirement during  the  First  Month  of  Treat- 
ment in  Patients  with  Severe  Obstructive 
Sleep  Apnea — Jokic  R,  Klimaszewski  A, 
Sridhar  G,  Fitzpatrick  MF.  Chest  1998;l  14(4): 
1061. 


OBJECTIVES:  (I)  To  compare  the  continuous 
positive  airway  pressure  (CPAP)  requirement 
at  the  time  of  diagnosis  (TO),  after  2  weeks 
(T2),  and  after  4  weeks  (T4)  of  CPAP  treat- 
ment, in  patients  with  severe  obstructive  sleep 
apnea  (OSA);  and  (2)  to  assess  whether  any 
alteration  in  CPAP  requirement  over  the  first  4 
weeks  of  CPAP  treatment  would  influence  day- 
time alertness,  subjective  sleepiness,  or  mood. 
DESIGN:  A  prospective,  controlled,  single- 
blind  crossover  study.  SETTING:  University 
teaching  hospital.  PATIENTS:  Ten  patients  with 
newly  diagnosed  and  previously  untreated  se- 
vere OSA  (aged  52 ±9  years,  apnea  hypopnea 
index  [AHI]  of  99±31)  and  subsequently  10 
control  patients  (aged  52±ll  years,  AHI 
85±17).  MEASUREMENTS:  Overnight  poly- 
somnography with  CPAP  titration  to  determine 
the  CPAP  requirement,  which  was  standardized 
for  body  position  and  sleep  stage,  on  all  three 
occasions  (TO,  T2,  T4).  Objective  sleep  quality, 
daytime  alertness,  subjective  sleepiness  (Ep- 
worth  Sleepiness  Scale),  and  mood  (Hospital 
Anxiety  and  Depression  Scale).  RESULTS: 
CPAP  requirement  decreased  from  TO  to  T2 
(median  difference,  1.5  cm  HjO,  95%  confi- 
dence interval  [CI],  1.1  to  2.7  cm  HjO, 
p=0.0004)  and  did  not  differ  between  T2  and 
T4.  Use  of  the  lower  CPAP  pressure  during  T2 
to  T4  was  associated  with  a  decrease  in  Ep- 
worth  scale  (mean  difference,  2.6,  95%  CI,  1.2 
to  4;  p=0.01)  and  anxiety  (median  change,  2; 
95%  CI,  0.5  to  2.9,  p=0.03)  .scores,  as  com- 
pared with  the  first  2  weeks.  Daytime  alertness 
did  not  differ  between  TO  to  T2  and  T2  to  T4. 
CONCLUSION:  CPAP  requirement  falls  within 
2  weeks  of  starting  CPAP  treatment.  A  change 
to  the  lower  required  CPAP  was  not  associated 
with  any  deterioration  in  daytime  alertness  but 
was  associated  with  small  subjective  improve- 
ments in  sleepiness  and  mood. 

The  Development  of  Hyperventilation  in  Pa- 
tients with  Chronic  Heart  Failure  and 
Cheyne-Strokes  Respiration:  A  Possible  Role 
of  Chronic  Hypoxia.  Fanfulla  F,  Mortara  A, 
Maestri  R,  Pinna  GD,  Bruschi  C,  Cobelli  F, 
RampuUa  C.  Chest  1998  1 14(4):  1083. 

AIM:  To  analyze  the  relationship  between  day- 
time respiratory  and  cardiac  function  in  patients 
with  compensated  chronic  heart  failure  (CHF) 
with  and  without  periodic  breathing  (PB)  or 
Cheyne-Stokes  respiration  (CSR).  PATIENTS: 
We  studied  132  patients  (female,  13%;  mean 
age,  53  ±8  years;  body  mass  index,  25.9  ±3.5 
kg/m";  left  ventricular  ejection  fraction  <40%; 
23%  in  New  York  Heart  Association  class  I, 
43%  in  class  II,  and  34%  in  class  III-IV).  METH- 
ODS: Measurement  of  pulmonary  function  and 
blood  gases,  hemodynamic  evaluation,  analysis 
of  breathing  profile,  echocardiography,  record- 
ing of  ECG,  beat-to-beat  arterial  oxygen  satu- 
ration, and  respiration  during  spontaneous 
breathing.  RESULTS:  Fifty-eight  percent  of  pa- 
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To  Meet  the  Demand  for  the  Patient  Assessment  Course, 
Respiratory  Therapists  Are  Offered  Another  Opportunity  to 
Attend  this  Landmark  Course 


By  Popular  Demand 


Check-in  time  will  be  from  noon  until  1 :00  PM  on  the  first  day.  Following  the  last  class,  participants  will  take  a 
100-item  test  developed  by  the  NBRC,  which  should  take  about  one  and  a  half  hours  to  complete,  and  which  wil 
be  scored  on  site.  Attendees  should  be  finished  with  the  test  at  approximately  1 :00  PM  on  the  last  day  of  the 
course.  All  activities  will  be  conducted  at  the  hotel.  Space  is  at  a  premium  and  preregistration  is  required. 
Successful  completion  of  the  course  will  earn  participants  16  hours  of  CRCE  credit  and  a  certificate  of  course 
completion.  Each  attendee  will  be  given  a  pocket  guide  to  physical  assessment,  which  will  be  helpful  on  the  job. 

AARC  Assessment  Course  Outline 


1 .  Obligations  of  the  Respiratory  Ttierapist  in  tlie 
Practice  of  Patient  Assessment 

A.  Appreciate  the  cost  of  care 

B.  Understand  the  scope  and  limitations  of  the 
practitioner's  role  in  patient  assessment 

C.  Understand  the  principle  of  patient 
self-determination 

D.  Appreciate  the  psychological,  social,  and  physical 
characteristics  of  wellness/illness 

E.  Recognize  the  patient's  right  to  confidentiality 

F.  List  the  principles  of  informed  consent 

►  "I... was  extremely  impressed... Very 
comprehensive  and  thorough.  The  whole  16 
hours  was  imformative  and  captivating." 

Susan  Gill,  RRT 

2.  Perform  a  Compreliensive  Health  Assessment 

A.  Review  patient  records 

B.  Structure  an  interview 

C.  Conduct  an  interview 

D.  Conduct  a  physical  assessment 

E.  Identify  needs  for  referral 

F.  Identify  patients  with  potential  for  high-risk  medical 
complications 

G.  Accurately  document  assessment  findings 
H.  Present  findings  to  a  physician 

►  "This  gave  me  a  lot  of  great  ideas  about  the 
future  of  respiratory  care  and  the  direction  our 
department  needs  to  take  to  survive  in  our 
changing  environment." 

)oe  Clayton,  RRT 

3.  Assess  the  Caregivers 

A.  Identify  sites  of  care  and  caregivers 


B.  Interview  the  caregivers 

C.  Assess  the  abilities  of  caregivers  to  manage 
physical,  technological,  and  emergency  situations 

D.  Assess  home  health  resources 

►  "I  was  really  impressed  with  what  I  got  here  this 
weekend.  It  was  a  real  shot-in-the-arm  and 
morale  booster." 

)oe  Hatfield,  RRT 

4.  Assess  the  Patient's  Understanding  and 
Compliance  with  Physician's  Orders  and  Care  Plan 

A.  Review  the  physician's  order  with  the  patient 

B.  Assess  the  patient's  understanding  of  technique  and 
components 

C.  Assess  patient  ability  to  administer  treatments,  use 
equipment,  monitor  changes,  interpret  and  respond 
to  those  changes 

D.  Document  assessment  findings 

5.  Assess  the  Patient's  Environment  as  it  Relates  to 
Health  Status  and  Supporting  Physician's  Orders 

A.  Identify  barriers  to  wellness 

B.  Inspect  the  patient  care  environment 

C.  Determine  the  resources  available  to  the  patient  and 
family 

D.  Document  assessment  findings 

6.  Assess  Continued  Appropriateness  of  Physician 
Orders  and  Care  Plan 

A.  Review  physician  orders 

B.  Evaluate  the  patient's  response  to  physician  orders 

C.  Evaluate  the  appropriateness  of  the  orders  and  the 
care  plan 

D.  Recommend  modification  of  the  treatment  plan 

E.  Document  assessment  findings 


HOTEL  RESERVATIONS 


PHOENIX  (immediately  following  Summer  Foaim) 

The  Patient  Assessment  Course  will  be  conducted  at  the  Pointe  Hilton  Resort  at  Squaw  Peal< 

7677  North  16th  Street  •  Phoenix,  AZ  85020-9832 

Room  Rates:  $89  single  or  double  +10.35%  tax 

For  reservations  call:  (800)  876-4683  or  (602)  997-2626 

and  identify  yourself  as  an  attendee  at  the  July  18-20,  1999,  AARC  Assessment  Course 

Deadline  for  Guaranteed  Room  Rate  is  June  21,  1999 

Enrollment  Limit:  200  atttendees 


Course  Registration 

Phoenix,  AZ  •  Registration  Deadline  July  1 

Registration  will  close  on  the  date  noted  or  when  the  enrollment  limit  has  been  reached. 
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Credit  Card  # 


Expiration  Date        Signature 


% 
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and  Cliecic,  Payable  to  AARC:  AARC 

11030  Abies  Lane 
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If  paying  by  credit  card,  you  may  fax  your  Registration  Form  to  (972)  484-2720.  Cancellations  must  be  made  in  writing.  Tliere 
will  be  a  30%  handling  fee  for  cancellations  received  14  days  before  the  course  begins.  No  refunds  will  be  made  thereafter. 


Abstracts 


dents  showed  PB  or  CSR.  Patients  with  PB  or 
CSR  have  greater  cardiac  function  impairment. 
Mean  values  of  lung  volumes  and  P^o,  were 
similar  in  the  three  groups  of  patients  consid- 
ered. In  contrast,  patients  with  PB  or  CSR  had 
an  increased  minute  ventilation  and  reduced 
Paco2  values.  Interestingly,  patients  with  PB  or 
CSR  had  lower  values  of  arterial  content  of  O2 
and  systemic  oxygen  transport  (SOT)  than  pa- 
tients with  a  normal  breathing  pattern  (SOT, 
394±9.8,  347±9.6, 438±  11  mL  of  O^/min/m", 
respectively;  analysis  of  variance  p<0.001). 
Weak  correlations  were  found  among  lung  vol- 
umes, blood  gases,  and  cardiac  function  param- 
eters: ie,  vital  capacity  was  correlated  inversely 
with  pulmonary  capillary  wedge  pressure 
(PCWP)  (-0.25;  p<0.05);  P„co,  wi'h  PCWP 
(r=0.26;  p<0.05),  lung-to-ear  circulation  time 
(LECT)  (lOA;  p<0.05),  SOT  (rO.33;  p<0.(K)0 1 ), 
and  cardiac  index  (CI)  (r=0.27;  p=0.003).  Mul- 
tiple regression  analyses  showed  that  arterial 
Pcoj  *2s  significantly  correlated  with  SOT, 
LECT,  and  CI  (r=0.5 1 ;  r-=0.26;  p<0.000(X)l ); 
the  correlation  became  stronger  considering  only 
CSR  patients  (r=0.64;  r-=0.4;  p<0.001 ).  CON- 
CLUSIONS: Our  study  shows  that  patients  with 
daytime  breathing  disorders  have  chronic  hy- 
pocapnia.  A  reduced  SOT  may  be  one  of  the 
stimuli  determining  increased  minute  ventila- 
tion in  these  patients. 

Efficacy  and  Complications  of  Percutaneous 
Pigtail  Catheters  for  Thoracostomy  in  Pedi- 
atric Patients.  Roberts  JS,  Bratton  SL,  Brogan 
TV.  Chest  1998;114(4):1116. 

OBJECTIVE:  To  describe  the  efficacy  of  per- 
cutaneous pigtail  catheters  in  evacuating  pleu- 
ral air  or  fluid  in  pediatric  patients.  DESIGN:  A 
case  series  of  children  with  percutaneous  pig- 
tail catheters  placed  in  the  pediatric  ICU  be- 
tween January  1996  and  August  1997.  SET- 
TING: Urban  pediatric  teaching  hospital  in 
Seattle,  WA.  METHODS:  A  retrospective  chart 
review.  RESULTS:  Ninety-one  children  re- 
quired 133  chest  catheters.  Most  patients  were 
infants  with  congenital  heart  disease  (80%).  One 
hundred  thirteen  of  the  catheters  (85%)  were 
placed  for  pleural  effusion,  with  20  tubes  (15%) 
placed  for  pneumothorax.  Efficacy  of  drainage 
of  pleural  fluid  was  significantly  greater  in  se- 
rous (96%)  and  chylous  (100%)  effusions  com- 
pared with  empyema  (0%)  or  hemothorax 
(81%).  Evacuation  of  pneumothorax  was 
achieved  by  a  pigtail  catheter  in  75%  of  pa- 
tients. Resolution  of  pleural  air  or  pneumotho- 
rax was  significantly  greater  in  patients  <  10 
kg  compared  with  larger  children.  Complica- 
tions due  to  placement  of  the  pigtail  catheters 
included  hemothorax  (n  =  3,  2%),  pneumotho- 
rax (n  =  3,  2%),  and  hepatic  perforation  (n=  1, 
1  %).  There  were  also  complications  arising  from 
the  use  of  the  catheters,  including  failure  to 
drain,  dislodgment,  kinking,  loss  of  liquid  ven- 
tilation fluid,  empyema,  and  disconnection  in 


27  of  133  catheters  (20%).  Significantly  more 
complications  during  catheter  use  occurred  in 
patients  <5  kg  than  in  larger  children.  CON- 
CLUSIONS: Percutaneous  pigtail  catheters  are 
highly  effective  in  drainage  of  pleural  serous 
and  chylous  effusions,  somewhat  less  effica- 
cious in  drainage  of  hemothorax  or  pneumotho- 
rax, and  least  efficacious  in  drainage  of  empy- 
ema. Infants  and  smaller  children  had  higher 
rates  of  resolution  of  pleural  air  and  fluid  from 
placement  of  a  pigtail  catheter  than  larger  chil- 
dren. Complications  from  catheter  placement 
were  uncommon  (5%)  but  serious,  whereas  com- 
plications associated  with  continued  use  of  the 
catheters  were  more  common  (20%)  but  less 
grave.  Strict  attention  to  anatomic  landmarks 
and  close  monitoring  may  reduce  the  number  of 
complications. 

Pulmonary  Infiltrates  in  the  Surgical  ICU: 
Prospective  Assessment  of  Predictors  of  Eti- 
ology and  Mortality — Singh  N,  Falestiny  MN, 
Rogers  P,  Reed  MJ,  Pularski  J,  Norris  R,  Yu 
VL.  Chest  1998;114(4):1129. 

A  prospective  cohort  study  of  129  consecutive 
patients  developing  pulmonary  infiltrates  in  the 
surgical  ICU  was  conducted  to  determine  the 
predictors  and  outcome  of  pulmonary  infiltrates. 
Most  common  etiologies  of  pulmonary  infil- 
trates were  pneumonia  (30%),  pulmonary  edema 
(29%),  acute  lung  injury  (15%),  and  atelectasis 
(13%).  Enteral  nutrition  was  associated  with  a 
significantly  lower  incidence  of  acute  lung  in- 
jury as  compared  with  pneumonia  (22%  vs  58%, 
p  =  0.012).  Patients  with  liver  disease  were 
significantly  more  likely  to  have  pulmonary  in- 
filtrates due  to  acute  lung  injury  as  compared 
with  other  etiologies  (p  =  0.02).  Clinical  pul- 
monary infection  score  (Pugin  score)  >  6  vir- 
tually excluded  acute  lung  injury,  pulmonary 
edema,  or  atelectasis  as  etiologies  of  pulmo- 
nary infiltrates.  Nosocomial  Haemophilus/ 
pneumococcal  pneumonia  occurred  signifi- 
cantly earlier  in  the  ICU  as  compared  with  Gram- 
negative  (p  =  0.05)  or  methicillin-resistant 
Staphylococcus  aureus  pneumonia  (p  =  0.01). 
Pneumonia  in  trauma  patients  was  significantly 
more  likely  to  be  due  to  Haemophilu.s/pneumo- 
coccus  as  compared  with  all  other  ICU  patients 
(54%  vs  0%,  p  =  0.0004).  These  data  have 
implications  for  treatment  of  patients  with  nos- 
ocomial pneumonia  in  the  ICU. 

Intratracheal  Pulmonary  Ventilation  at  Low 
Airway  Pressures  in  a  Ventilator-Induced 
Model  of  Acute  Respiratory  Failure  Improves 
Lung  Function  and  Survival — Rossi  N, 
Kolobow  T,  Aprigliano  M,  Tsuno  K,  Giaco- 
mini  M.  Chest  1 998;  1 14(4):  1 147. 

STUDY  OBJECTIVE:  The  pulmonary  paren- 
chyma in  patients  with  acute  respiratory  failure 
(ARE)  is  commonly  not  involved  in  a  homog- 
enous disease  process.  Conventional  mechani- 


cal ventilation  (MV)  at  elevated  positive  end- 
expiratory  pressure  (PEEP)  and  peak  inspiratory 
pressure  (PIP)  aims  at  recruiting  coUap.sed  or 
nonventilated  lung  units.  Invariably,  those  pres- 
sures are  also  transmitted  to  the  healthiest  re- 
gions, with  possible  extension  of  the  disease 
process  (barotrauma).  During  intratracheal  pul- 
monary ventilation  (ITPV),  a  continuous  flow 
of  fresh  gas  is  delivered  directly  at  the  carina, 
bypassing  the  dead  space  proximal  to  the  cath- 
eter tip.  In  healthy  sheep,  it  allows  lowering 
tidal  volume  (V^)  to  as  low  as  1.0  mL/kg,  at 
respiratory  rates  (RR)  up  to  120  breaths/min, 
while  maintaining  normocapnia.  In  a  model  of 
ventilator-induced  lung  injury,  we  wished  to 
explore  whether  ITPV,  applied  at  low  V^  and 
low  PEEP  and  tailored  to  ventilate  the  health- 
iest regions  of  the  lungs,  could  provide  ade- 
quate oxygenation  and  alveolar  venfilation, 
without  any  attempt  to  recruit  lungs.  DESIGN: 
Randomized  study  in  sheep.  SETTING:  Ani- 
mal research  laboratory.  PARTICIPANTS:  We 
induced  ARE  in  1 2  sheep  following  1  to  2  days 
of  MV  at  a  PIP  of  50  cm  HjO,  except  that  5  to 
8%  of  lungs  were  kept  on  apneic  oxygenation 
of  5  cm  H2O,  sparing  those  regions  from  the 
injury  process.  INTERVENTIONS:  Sheep  were 
randomized  to  volume-controlled  MV  (control 
group)  (n  =  6)  with  Vt  of  8  to  1 2  mL/kg,  PEEP 
of  5  to  10  cm  H2O,  or  to  ITPV  (n  =  6)  at  PEEP 
of  3  to  5  cm  H2O,  Vy  of  2.5  to  4  mL/kg,  PIP  of 
<20  cm  HiO,  at  RRs  sufficient  to  sustain  nor- 
mocapnia. MEASUREMENTS  AND  RE- 
SULTS: Hemodynamic  status  in  the  ITPV  group 
progressively  improved,  and  all  six  sheep  were 
weaned  to  room  air  within  83±54  h.  Sheep  in 
the  control  group  had  progressively  deteriorat- 
ing conditions  and  all  animals  died  after  a  mean 
of  50±39  h.  Barotrauma  and  postmortem  his- 
topathologic changes  were  more  pronounced  in 
the  control  group.  CONCLUSION:  In  this  model 
of  ventilator-induced  lung  injury,  low  PEEP- 
low  Vy  ventilation  with  ITPV  sustained  normo- 
capnia and  prevented  further  lung  injury,  al- 
lowing weaning  to  room  air  ventilation. 

The  Effect  of  Positive  Pressure  Airway  Sup- 
port on  Mortality  and  the  Need  for  Intuba- 
tion in  Cardiogenic  Pulmonary  Edema:  A 
Systematic  Review — Pang  D.  Keenan  SP,  Cook 
DJ,  Sibbald  WJ.  Che.st  19981 14(4):  1 185. 

OBJECTIVE:  To  critically  appraise  and  sum- 
marize the  trials  examining  the  addition  of  con- 
tinuous positive  airway  pressure  (CPAP)  or  non- 
invasive po.sitive  pressure  ventilation  (NPPV) 
to  standard  therapy  on  hospital  mortality,  need 
for  endotracheal  intubation,  and  predischarge 
left  ventricular  function  in  patients  admitted  to 
the  hospital  with  cardiogenic  pulmonary  edema 
with  gas  exchange  abnormalities.  DATA 
SOURCES:  We  searched  MEDLINE  (1983  to 
June  1997)  and  bibliographies  of  all  selected 
articles  and  review  articles.  We  also  reviewed 
the  abstracts  from  the  proceedings  of  relevant 
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Abstracts 


meetings  from  1985  to  1997.  STUDY  SELEC- 
TION: (1)  Population:  patients  presenting  to 
hospital  with  cardiogenic  pulmonary  edema;  (2) 
intervention:  one  of  the  following  three:  (a)  the 
use  of  CPAP  and  standard  medical  therapy  vs 
standard  medical  therapy  alone;  (b)  the  use  of 
NPPV  and  standard  medical  therapy  vs  stan- 
dard medical  therapy  alone;  and  (c)  the  use  of 
NPPV  and  standard  therapy  vs  CPAP  and  stan- 
dard therapy;  (3)  outcome:  hospital  survival, 
need  for  endotracheal  intubation,  or  predis- 
charge  left  ventricular  dysfunction;  and  (4)  study 
design:  randomized  controlled  trial  (RCT);  if 
there  were  fewer  than  two  RCTs,  other  study 
designs  were  included.  DATA  EXTRACTION: 
Two  authors  independently  extracted  data  and 
evaluated  the  methodologic  quality  of  the  stud- 
ies. DATA  SYNTHESIS:  CPAP  was  associ- 
ated with  a  decrease  in  need  for  intubation  (risk 
difference,  -26%,  95%  confidence  intervals,  - 1 3 
to  -38%)  and  a  trend  to  a  decrease  in  hospital 
mortality  (risk  difference,  -6.6%;  -1-3  to  -16%) 
compared  with  standard  therapy  alone.  There 
was  insufficient  evidence  to  comment  on  the 
effectiveness  of  NPPV  either  compared  with 
standard  therapy  or  CPAP  and  standard  ther- 
apy. Evidence  was  also  lacking  on  the  potential 
for  either  intervention  to  cause  harm.  CON- 
CLUSIONS: A  modest  amount  of  favorable  ex- 
perimental evidence  exists  to  support  the  use  of 
CPAP  in  patients  with  cardiogenic  pulmonary 
edema.  CPAP  appears  to  decrease  intubation 
rates  and  data  suggest  a  trend  toward  a  decrease 
in  mortality,  although  the  potential  for  harm 
has  not  been  excluded.  The  role  of  NPPV  in 
this  setting  requires  further  study  before  it  can 
be  widely  recommended. 

Attitudes  of  Respiratory  Care  Practitioners 
and  Students  Regarding  Pulmonary  Preven- 
tion— Sockrider  MM,  Maguire  GP,  Haponik  E, 
Davis  A,  BoehleckeB.  Chest  1998;l  14(4):  1193. 

STUDY  OBJECTIVES:  (I)  To  examine  atti- 
tudes of  respiratory  care  practitioners  (RCPs) 
and  RCP  students  toward  pulmonary  disease 
prevention  behaviors  and  their  role  in  promot- 
ing them.  (2)  To  compare  RCPs'  attitudes  re- 
garding pulmonary  prevention  with  existing 
medical  student  survey  data.  DESIGN:  Cross- 
sectional  survey.  SETTING:  Three  sites  (Val- 
halla, NY;  Winston-Salem,  NC;  Houston,  TX). 
PARTICIPANTS:  One  hundred  ninety  RCPs 
and  164  RCP  students  compared  with  5,744 
medical  students.  MEASUREMENT  AND  RE- 
SULTS: Subjects  completed  a  35-item  RCP  Pre- 
ventive Pulmonary  Attitude  (PPA)  Survey  us- 
ing a  five-point  scale  (I  =  strongly  disagree  to 
5  =  strongly  agree).  A  higher  score  indicates  a 
more  positive  attitude  toward  prevention.  RCP 
total  scores  averaged  117.6  (SD,  15.7;  range, 
52  to  160).  RCP  student  total  scores  were  sig- 
nificantly higher  than  RCP  practitioners.  No  sig- 
nificant differences  were  observed  by  gender  or 
by  type  of  patient  served  (pediatric  vs  adult). 


RCPs  with  a  history  of  tobacco  smoking  had 
significantly  lower  scores  than  RCPs  who  had 
never  smoked.  Most,  but  not  all,  respondents 
acknowledged  the  importance  of  patients  with 
chronic  lung  disease  receiving  a  yearly  influ- 
enza vaccination.  Total  PPA  scores  for  medical 
students  were  significantly  lower  than  scores 
for  both  RCPs  and  RCP  students.  Significant 
differences  were  noted  for  a  number  of  individ- 
ual items.  CONCLUSIONS:  In  general,  RCPs 
had  positive  attitudes  regarding  the  importance 
of  prevention  counseling  and  their  role  in  pro- 
viding this  to  patients.  This  is  important  given 
their  potential  as  a  resource  in  pulmonary  pre- 
vention efforts.  More  attention  to  inclusion  of 
training  and  evaluation  of  RCP  effectiveness  in 
promoting  respiratory  health  is  needed. 

Perforation  of  tiie  Right  Ventricle:  A  Com- 
plication of  Blind  Placement  of  a  Chest  Tube 
into  the  Postpneumonectomy  Space — Kopec 
SE,  Conlan  AA,  Irwin  RS.  Chest  1998;  114(4): 
1213. 

We  were  asked  to  review  a  case  from  an  out- 
side hospital  in  which  there  was  inadvertent 
perforation  of  the  right  ventricle  during  the  per- 
cutaneous placement  of  a  chest  tube.  We  present 
the  case  in  the  hopes  that  by  doing  so,  others 
will  avoid  such  a  complication  in  the  future. 
After  reviewing  the  case,  it  appeared  that  the 
complication  occurred  because  the  physician 
was  not  knowledgeable  about  the  anatomy  of 
the  postpneumonectomy  space  and  the  physi- 
cian failed  to  use  the  safest  procedure  in  plac- 
ing the  tube. 

Effect  of  Computerized  Physician  Order  En- 
try and  a  Team  Intervention  on  Prevention 
of  Serious  Medication  Errors — Bates  DW, 
Leape  LL,  Cullen  DJ,  Laird  N,  Petersen  LA, 
Teich  JM,  et  al.  JAMA  1998;280(15):1311. 

CONTEXT:  Adverse  drug  events  (ADEs)  are  a 
significant  and  costly  cause  of  injury  during 
hospitalization.  OBJECTIVES:  To  evaluate  the 
efficacy  of  2  interventions  for  preventing  non- 
intercepted  serious  medication  errors,  defined 
as  those  that  either  resulted  in  or  had  potential 
to  result  in  an  ADE  and  were  not  intercepted 
before  reaching  the  patient.  DESIGN:  Before- 
after  comparison  between  phase  1  (baseline) 
and  phase  2  (after  intervention  was  imple- 
mented) and,  within  phase  2,  a  randomized  com- 
parison between  physican  computer  order  entry 
(POE)  and  the  combination  of  POE  plus  a  team 
intervention.  SETTING:  Large  tertiary  care  hos- 
pital. PARTICIPANTS:  For  the  comparison  of 
phase  1  and  2,  all  patients  admitted  to  a  strati- 
fied random  sample  of  6  medical  and  surgical 
units  in  a  tertiary  care  hospital  over  a  6-month 
period,  and  for  the  randomized  comparison  dur- 
ing phase  2,  all  patients  admitted  to  the  same 
units  and  2  randomly  selected  additional  units 
over  a  subsequent  9-month  period.  INTERVEN- 


TIONS: A  physician  computer  order  entry  sys- 
tem (POE)  for  all  units  and  a  team-based  inter- 
vention that  included  changing  the  role  of 
pharmacists,  implemented  for  half  the  units. 
MAIN  OUTCOME  MEASURE:  Noninter- 
cepted  serious  medication  errors.  RESULTS: 
Comparing  identical  units  between  phases  1  and 
2,  nonintercepted  serious  medication  errors  de- 
creased 55%,  from  10.7  events  per  1000  pa- 
tient-days to  4.86  events  per  1000  (p=0.01). 
The  decline  occurred  for  all  stages  of  the  med- 
ication-use process.  Preventable  ADEs  declined 
17%  from  4.69  to  3.88  (p=0.37),  while  nonin- 
tercepted potential  ADEs  declined  84%  from 
5.99  to  0.98  per  1000  patient-days  (p=0.002). 
When  POE-only  was  compared  with  the  POE 
plus  team  intervention  combined,  the  team  in- 
tervention conferred  no  additonal  benefit  over 
POE.  CONCLUSIONS:  Physician  computer  or- 
der entry  decreased  the  rate  of  nonintercepted 
serious  medication  errors  by  more  than  half, 
although  this  decrease  was  larger  for  potential 
ADEs  than  for  errors  that  actually  resulted  in  an 
ADE. 

Access  to  Health  Information  and  Support: 
A  Public  Highway  or  a  Private  Road? — Eng 

TR,  Maxfield  A,  Patrick  K,  Deering  MJ,  Ratzan 
SC,  Gustafson  DH.  JAMA  1 998  ;280(  1 5):  1 37 1 . 

Information  and  communication  technologies 
may  help  reduce  health  disparities  through  their 
potential  for  promoting  health,  preventing  dis- 
ease, and  supporting  clinical  care  for  all.  Un- 
fortunately, those  who  have  preventable  health 
problems  and  lack  health  insurance  coverage 
are  the  least  likely  to  have  access  to  such  tech- 
nologies. Barriers  to  access  include  cost,  geo- 
graphic location,  illiteracy,  disability,  and  fac- 
tors related  to  the  capacity  of  people  to  use 
these  technologies  appropriately  and  effectively. 
A  goal  of  universal  access  to  health  information 
and  support  is  proposed  to  augment  existing 
initiafives  to  improve  the  health  of  individu- 
als and  the  public.  Both  public-  and  private- 
sector  stakeholders,  particularly  government 
agencies  and  private  corporafions,  will  need 
to  collaboratively  reduce  the  gap  between  the 
health  in-formation  "haves"  and  "have-nots." 
This  will  include  supporting  health  informa- 
tion technology  access  in  homes  and  public 
places,  developing  applications  for  the  grow- 
ing diversity  of  users,  funding  research  on 
access-related  issues,  ensuring  the  quality  of 
health  informafion  and  support,  enhancing  lit- 
eracy in  health  and  technology,  training  health 
information  intermediaries,  and  integrating 
the  concept  of  universal  access  to  health  in- 
formation and  support  into  health  planning 
processes. 

Analysis  of  Expiratory  Tidal  Flow  Patterns 
as  a  Diagnostic  Tool  in  Airflow  Obstruction — 

Morris  MJ,  Madgwick  RG,  CoUyer  I,  Denby  F, 
Lane  DJ.  Eur  Respir  J  1998;12(5):ll  13. 
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Competency  Manual 

The  Orientation  and  Competency  Assurance 
Manual  for  Respiratory  Care  provides  the 
information,  assessment  tools,  and  models 
necessary  to  demonstrate  that  the  competence 
of  employees  is  documented  according  to  JCAHO 
requirements. 

Item  BK55    $65  ($40  nonmeiiibers) 


nEW!  Uniform  Reporting 
Manual  for  Subacute  Care 

The  Uniform  Reporting  Manual  for  Subacute  Care  is  a 
tool  to  determine  productivity,  track  trends  in  the 
utilization  of  respiratory  care  services,  assist  in 
determining  personnel  requirements,  measure  de- 
mand for  and  intensity  of  services,  and  meet  the  re- 
quirements of  prospective  payment  systems.  (PPS). 

Item  BK2    $75  ($115  nonmembers) 


nEW!  Respiratory  Home  Care 
Procedure  Manual 

The  new  Respiratory  Home  Care  Procedure  Manual 
is  especially  designed  for  the  home  care  setting. 
And,  it  is  easily  adaptable  to  any  alternate  care 
site  from  subacute  to  home  medical  equipment 
companies  and  nursing  agencies.  The  manual 
features  five  sections  of  information,  forms,  and 
checklists  for  the  patient  and  practitioner. 

Item  BK3    $80  ($150  nonmembers) 


nEW!  i.V.  Sample  Curriculum 

The  I.V.  Sample  Curriculum  is  designed  for  use  by 
respiratory  care  educational  programs  in  conjunc- 
tion with  their  clinical  affiliates.  A  course  following 
this  curriculum  will  augment  training  programs  for 
respiratory  care  practitioners  with  thorough  in- 
struction in  I.V.-line  placement  and  management. 
Contains  everything  needed  to  establish  a  complete 
I.V.-line  course:  lesson  outlines,  checklists  and  refer- 
ences. 

Item  BK18    $25  ($35  nonmembers) 
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Abstracts 


An  index  obtained  from  tidal  expiration,  the 
ratio  of  time  to  peal<  tidal  expiratory  flow 
(tPTEF)  to  expiratory  time  (tE),  discriminates 
between  groups  with  and  without  airflow  ob- 
struction in  infants  and  children  and  correlates 
with  other  measurements  of  airflow  obstruction 
in  adults.  The  aim  of  this  study  was  to  deter- 
mine whether  the  diagnosis  of  airflow  obstruc- 
tion could  be  made  from  an  analysis  of  the  later 
part  of  the  expiratory  tidal  flow  time  curve,  i.e 
beyond  the  maximum  flow.  One  hundred  and 
eighteen  patients  attending  the  lung  function 
laboratory  with  a  putative  diagnosis  of  airflow 
obstruction  were  studied.  From  uncoached  tidal 
breathing,  measurements  were  made  of  the  av- 
erage time  constant  of  the  respiratory  system 
(tts)  and  extrapolated  volume  (EV).  Forced  ex- 
piratory spirometry  and  whole-body  plethys- 
mography were  performed.  In  this  cross-sec- 
tional study,  ITS  correlated  with  inspiratory 
airways  resistance  and  forced  expiratory  vol- 
ume in  one  second  (FEV,),  according  to  the 
linear  regression  equations,  airway  resistance 
(Raw)=3.03  TTS  -1-1.2,  r=0.65,  p<O.OOI,  and 
FEV,%  predicted  =  87.8-23.7  rrs,  r=058, 
p<0.001.  EV  correlated  positively  with  over- 
inflation,  functional  residual  capacity  (FRC)  % 
pred  =  152  EV-(-l03,  r=0.68,  p<0.001.  This 
study  shows  that  there  is  a  relationship  between 
these  measurements  made  from  analysis  of  tidal 
breathing  and  recognized  measurements  of  air- 
flow obstruction  and  overinflation. 

Tidal  Expired  Airflow  Patterns  in  Adults  with 
Airway  Obstruction — Williams  EM, 
Madgwick  RG,  Morris  MJ.  Eur  Respir  J  1998; 
12(5):1I18. 

Earlier  studies  have  shown  that  time  and  flow 
indices  derived  from  tidal  expiratory  flow  pat- 
terns can  be  used  to  distinguish  the  severity  of 
airway  obstruction.  This  study  was  designed  to 
address  two  aspects  of  tidal  expiratory  flow  pat- 
terns: I )  how  do  expiratory  flow  patterns  differ 
between  subjects  with  normal  and  obstructed 
airways;  and  2)  can  a  sensitive  index  of  airway 
obstruction  be  derived  from  these  pattern  dif- 
ferences? Tidal  expiratory  flow  patterns  from 
66  adult  subjects  with  varying  degrees  of  air- 
way obstructive  disease  with  a  forced  expira- 
tory volume  in  one  second  (FEV , )  of  20- 1 2 1  % 
predicted  were  examined.  In  each  subject,  the 
expired  flow  pattern  from  each  consecutive 
breath  was  scaled  and  then  averaged  together  to 
create  a  single  expired  pattern.  A  detailed  ex- 
amination of  the  scaled  flow  patterns  in  12  sub- 
jects (six  with  normal  airways  and  six  with  air- 
way obstruction)  showed  that  the  shape  of  the 
post-peak  expiratory  flow  portion  was  different 
in  the  subjects  with  airway  obstruction.  A  slope 
index,  S,  was  derived  from  the  scaled  patterns 
and  found  to  be  sensitive  to  the  severity  of  air- 
way obstruction,  correlating  with  FEV,  (%  pred) 
with  r^=0.74  (p<0.05,  n  =  57).  The  S  index  also 
correlated  (r-=0.36,  p<0.05,  n=47)  with  the 


functional  residual  capacity  (FRC)  (%  pred) 
which  was  >100%  in  subjects  with  .severe  air- 
way obstruction  and  lung  overinflation.  In  sub- 
jects with  normal  airways,  three  further  airflow 
patterns  could  be  distinguished,  which  were  dif- 
ferent from  the  patterns  seen  in  subjects  with 
the  severest  airway  obstruction.  Scaled  flow  pat- 
terns from  tidal  expiration  collected  from  un- 
coached subjects,  can  be  used  to  derive  an  in- 
dex of  airway  obstruction. 

Acute  Effects  Of  Inhaled  Nitric  Oxide  In 
Adult  Respiratory  Distress  Syndrome — lotti 
GA,  Olivei  MC,  Palo  A,  Galbusera  C,  Veronesi 
R,  Braschi  A.  Eur  Respir  J  1998;12(5):1 164. 

This  study  evaluated  the  dose-response  effect 
of  inhaled  nitric  oxide  (NO)  on  gas  exchange, 
haemodynamics,  and  respiratory  mechanics  in 
patients  with  adult  respiratory  distress  syndrome 
(ARDS).  Of  19  consecutive  ARDS  patients  on 
mechanical  ventilation,  eight  (42%)  responded 
to  a  test  of  10  parts  per  million  (ppm)  NO  in- 
halation with  a  25%  increase  in  arterial  oxygen 
tension  (Pao,)  over  the  baseline  value.  The  eight 
NO-responders  were  extensively  studied  during 
administration  of  seven  inhaled  NO  doses:  0.5, 
1,  5,  10,  20,  50  and  100  ppm.  Pulmonary  pres- 
sure and  pulmonary  vascular  resistance  exhib- 
ited a  dose-dependent  decrease  at  NO  doses  of 
0.5-5  ppm,  with  a  plateau  at  higher  doses.  At  all 
doses,  inhaled  NO  improved  O,  exchange  via  a 
reduction  in  venous  admixture.  On  average,  the 
increase  in  P.,o,  was  maximal  at  5  ppm  NO. 
Some  patients,  however,  exhibited  maximal  im- 
provement in  P„Q,  at  100  ppm  NO.  In  all  pa- 
tients, the  increase  in  arterial  O2  content  was 
maximal  at  5  ppm  NO.  The  lack  of  further  in- 
crease in  arterial  O2  content  above  5  ppm  partly 
depended  on  an  NO-induced  increase  in  meth- 
aemoglobin.  Respiratory  mechanics  were  not 
affected  by  NO  inhalation.  In  conclusion,  NO 
doses  £  5  ppm  are  effective  for  optimal  treat- 
ment both  of  hypoxaemia  and  of  pulmonary 
hypertension  in  adult  respiratory  distress  syn- 
drome. Although  NO  doses  as  high  as  100  ppm 
may  further  increase  arterial  oxygen  tension, 
this  effect  may  not  lead  to  an  improvement  in 
arterial  Oj  content,  due  to  the  NO-induced  in- 
crease in  methaemoglobin.  It  is  important  to 
consider  the  effect  of  NO  not  only  on  arterial 
oxygen  tension,  but  also  on  arterial  O,  content 
for  correct  management  of  inhaled  nitric  oxide 
therapy. 

Assessment  of  Ventilation-Perfusion  Mis- 
matching in  Mechanically  Ventilated  Pa- 
tients— Ferrer  M,  Zavala  E,  Diaz  O,  Roca  J, 
Wagner  PD,  Rodriguez-Roisin  R.  Eur  Respir  J 

1998;12(5):1I72. 

The  multiple  inert  gas  elimination  technique 
(MIGET)  is  a  robust  tool  to  assess  both  venti- 
lation-perfusion  (V/Q)  distributions  and  the  role 
of  extrapulmonary  factors  determining  arterial 


oxygenation  during  spontaneous  breathing  and 
in  mechanically  ventilated  patients.  Mixed  ex- 
pired gas  sampling  u.sed  in  the  MIGET  is  most 
often  obtained  from  a  10-L  mixing  box  (lOL- 
MB)  placed  in  the  expiratory  side  of  the  venti- 
lator circuit.  Consequently,  a  considerable  in- 
crease in  the  compression  volume  (Vc)  would 
be  expected  which,  in  turn,  can  give  rise  to 
potential  errors  in  the  estimation  of  the  effec- 
tive tidal  volume  delivered  to  the  patient.  The 
effects  of  the  lOL-MB  on  the  Vc  were  corn- 
pared  with  those  produced  by  a  newly  designed 
1  -L,  mixing  box  ( 1 L-MB).  At  a  given  peak  pres- 
sure (Ppeak)  within  the  ventilator  circuit,  the 
Vc  generated  by  the  lOL-MB  was  about  six- 
times  higher  than  that  produced  by  the  IL-MB. 
At  a  Ppeak  =50  cm  HjO,  the  Vc  were  377  mL 
(lOL-MB)  and  67  mL  (IL-MB)  (p<0.001).  In 
six  patients,  the  mixed  expired  partial  pressures 
of  the  six  inert  gases  simultaneously  collected 
from  the  two  mixing  boxes  fell  on  the  identity 
line.  V/Q  distributions  recovered  using  each  of 
the  two  mixing  boxes  were  equivalent.  With 
the  I  L-MB,  the  effects  of  different  positive  end- 
expiratory  pressure  levels  (0,  6  and  1 2  cm  HjO) 
on  Vc  and  arterial  carbon  dioxide  tension  were 
negligible.  In  conclusion,  the  new  1-L  mixing 
box  provides  efficient  gas  mixing  and  substan- 
tially decreases  the  compression  volume.  It  is, 
therefore,  recommended  when  studies  requir- 
ing mixed  expired  gas  are  performed  in  venti- 
lated patients. 

DilTicult  Asthma — Barnes  PJ,  Woolcock  AJ. 
Eur  Respir  J  1998;  12(5):  1209. 

Asthma  is  usually  easy  to  manage,  but  approx- 
imately 5%  of  patients  are  not  controlled  even 
on  high  doses  of  inhaled  corticosteroids.  It  is 
important  to  assess  these  patients  carefully  in 
order  to  identify  whether  there  are  any  correct- 
able factors  that  may  contribute  to  their  poor 
control.  It  is  critical  to  make  a  diagnosis  of 
asthma  and  to  exclude  other  airway  diseases, 
particularly  chronic  obstructive  pulmonary  dis- 
ease (COPD),  and  vocal  cord  dysfunction 
("pseudo-asthma").  Poor  adherence  to  therapy, 
particularly  inhaled  corticosteroids,  is  a  com- 
mon reason  for  a  poor  response.  There  may  be 
unidentified  exacerbating  factors,  including  un- 
recognized allergens,  occupational  sensitizers, 
dietary  additives,  drugs,  gastro-oesophageal  re- 
flux, upper  airway  disease,  or  other  systemic 
diseases,  that  need  to  be  identified  and  avoided 
or  treated.  Psychological  factors  may  be  impor- 
tant in  some  patients,  but  it  is  difficult  to  know 
whether  these  are  causal  or  secondary  to  trou- 
blesome disease.  Some  patients  have  instability 
of  their  asthma,  with  resistant  nocturnal  asthma, 
premenstrual  exacerbations  or  chaotic  and  un- 
predictable instability  (brittle  asthma).  A  few 
patients  are  completely  resistant  to  corticoste- 
roids, but  more  patients  are  relatively  resistant 
and  require  relatively  high  doses  of  corticoste- 
roids to  control  their  symptoms  (steroid-depen- 
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Abstracts 


dent).  Some  patients  develop  progressive  loss 
of  lung  function,  as  in  patients  with  COPD. 
Management  of  patients  with  difficult  asthma 
should  be  supervised  by  a  respiratory  specialist 
and  should  involve  careful  assessment  to  con- 
firm a  diagnosis  of  asthma,  identification  and 
treatment  of  exacerbating  factors,  particularly 
allergens,  and  recording  of  peak  expiratory  flow 
patterns.  A  period  of  hospital  admission  may  be 
the  best  way  to  assess  and  manage  these  pa- 
tients. Treatment  involves  optimizing  cortico- 
steroids therapy,  assessing  additional  control- 
lers such  as  long-acting  inhaled  or  subcutaneous 
betal-agonists  or  subcutaneous  theophylline  and 
antileukotrienes.  In  some  patients,  the  use  of 
immunosuppressive  treatments  may  reduce  ste- 
roid requirements,  although  these  treatments  are 
rarely  effective  and  have  side-effects.  In  the 
future,  the  nonsteroid  anti-inflammatory  treat- 
ments now  in  development  may  be  useful  in 
these  patients. 

Efficacy  of  Bronchodilators  Administered  by 
Nebulizers  Versus  Spacer  Devices  in  Infants 
with  Acute  Wheezing — Closa  RM,  Ceballos 
JM,  Gomez-Papi  A,  Galiana  AS,  Gutierrez  C, 
Marti-Henneber  C.  Pediatr  Pulmonol  1998; 
26(5):344. 

The  aim  of  this  study  was  to  compare  the  re- 
sponse of  infants  with  acute  wheezing  to  treat- 
ments with  inhaled  terbutaline  when  adminis- 
tered by  nebulizer  or  by  metered-dose  inhaler 
and  spacer  device  (MDI-spacer).  Thirty -four  in- 
fants between  the  ages  of  1  and  24  months  who 
were  seen  in  our  emergency  department  for  acute 
wheezing  were  studied  in  a  double-blind,  ran- 
domized trial.  The  participants  received  two 
treatments  of  terbutaline  at  20-min  intervals, 
either  by  a  nebulizer  (2  mg/dose  in  2.8  mL  of 
0.9%  saline  solution)  or  by  an  MDI-spacer  de- 
vice (0.5  mg/dose).  The  outcome  measure  was 
a  clinical  score,  based  on  respiratory  rate,  de- 
gree of  wheezing,  retractions,  degree  of  cyano- 
sis, color,  and  pulse  oximetry  data  measured 
before  treatment,  20  min  after  the  first  treat- 
ment, and  again  20  min  after  the  second  treat- 
ment. There  was  no  difference  in  the  rate  of 
improvement  in  the  clinical  score  between  in- 
fants who  received  terbutaline  by  nebulizer  and 
those  who  received  it  by  MDI-spacer.  We  con- 
clude that  MDI-spacers  and  nebulizers  are 
equally  effective  means  of  delivering  beta-2  ago- 
nists to  infants  and  small  children  with  acute 
wheezing. 

Efficacy  of  Nasal  Intermittent  Positive  Pres- 
sure Ventilation  in  Treating  Apnea  of  Pre- 
maturity—Lin CH,  Wang  ST,  Lin  YJ,  Yeh  TF. 
Pediatr  Pulmonol  .I998;26(5):349. 

The  efficacy  of  nasal  intermittent  positive  pres- 
sure ventilation  (NIPPY)  in  treating  apnea  of 
prematurity  was  evaluated.  Apneic  preterm  in- 
fants were  randomly  assigned  to  receive  either 


NIPPY  or  continuous  positive  airway  pressure 
(NCPAP)  for  4  hr  when  they  failed  to  respond 
to  conservative  therapy.  The  amount  of  reduc- 
tion in  apneic  spells  and  bradycardia  in  the  two 
groups  after  treatment  was  compared.  Thirty- 
four  infants  (18  with  NIPPY,  16  with  NCPAP) 
were  enrolled.  Their  birth  weights  ranged  from 
590-1,880  g  (mean,  1,021  g)  and  gestational 
ages  from  25-32  weeks  (mean,  27.6  weeks). 
The  baseline  characteristics  were  comparable 
in  the  two  groups.  Frequency  of  apnea  and  bra- 
dycardia was  reduced  during  both  forms  of  treat- 
ments. However,  the  infants  receiving  NIPPY 
had  a  greater  reduction  of  apneic  spells  (P  = 
0.02)  and  a  tendency  to  greater  decrease  in  bra- 
dycardia (P  =  0.09)  than  those  receiving 
NCPAP.  We  conclude  that  NIPPY  is  more  ef- 
fective than  NCPAP  in  reducing  apnea  in  pre- 
term infants.  NIPPY  may  reduce  bradycardia; 
however,  this  needs  to  be  validated  by  a  larger 
number  of  observations. 

Total  Parenteral  Nutrition  in  the  Critically 
III  Patient:  A  Meta-Analysis — Heyland  DK, 
MacDonald  S,  Keefe  L,  Drover  JW.  JAMA 
1998;280(23):2013. 

CONTEXT:  Nutritional  support  has  become  a 
standard  of  care  for  hospitalized  patients,  but 
whether  total  parenteral  nutrition  (TPN)  affects 
morbidity  and  mortality  is  unclear.  OBJEC- 
TIVE: To  examine  the  relationship  between 
TPN  and  complication  and  mortality  rates  in 
critically  ill  patients.  DATA  SOURCES:  Com- 
puterized search  of  published  research  on 
MEDLINE  from  1980  to  1998,  personal  files, 
and  review  of  relevant  reference  lists.  STUDY 
SELECTION:  We  reviewed  2 10  titles,  abstracts, 
and  papers.  Primary  studies  were  included  if 
they  were  randomized  clinical  trials  of  criti- 
cally ill  or  surgical  patients  that  evaluated  the 
effect  of  TPN  (compared  with  standard  care)  on 
complication  and  mortality  rates.  We  excluded 
studies  comparing  TPN  with  enteral  nutrition. 
DATA  EXTRACTION:  Relevant  data  were  ab- 
stracted on  the  methodology  and  outcomes  of 
primary  studies.  Data  were  abstracted  in  dupli- 
cate, independently.  DATA  SYNTHESIS: 
There  were  26  randomized  trials  of  2211  pa- 
tients comparing  the  use  of  TPN  with  standard 
care  (usual  oral  diet  plus  intravenous  dextrose) 
in  surgical  and  critically  ill  patients.  When  the 
results  of  these  trials  were  aggregated,  TPN  had 
no  effect  on  mortality  (risk  ratio  [RR],  1.03; 
95%  confidence  interval  [CI],  0.81-1.31).  Pa- 
tients who  received  TPN  tended  to  have  a  lower 
complication  rate,  but  this  result  was  not  sta- 
tistically significant  (RR,  0.84;  95%  CI,  0.64- 
1 .09).  We  examined  several  a  priori  hypotheses 
and  found  that  studies  including  only  malnour- 
ished patients  were  associated  with  lower  com- 
plication rates  but  no  difference  in  mortality 
when  compared  with  studies  of  nonmalnour- 
ished  patients.  Studies  published  since  1989  and 
studies  with  a  higher  methods  score  showed  no 


treatment  effect,  while  studies  published  in  1 988 
or  before  and  studies  with  a  lower  methods  score 
demonstrated  a  significant  treatment  effect. 
Complication  rates  were  lower  in  studies  that 
did  not  use  lipids;  however,  there  was  no  dif- 
ference in  mortality  rates  between  studies  that 
did  not  use  lipids  and  those  studies  that  did. 
Studies  limited  to  critically  ill  patients  demon- 
strated a  significant  increase  in  complication 
and  mortality  rates  compared  with  studies  of 
surgical  patients.  CONCLUSIONS:  Total  par- 
enteral nutrition  does  not  influence  the  overall 
mortality  rate  of  surgical  or  critically  ill  pa- 
tients. It  may  reduce  the  complication  rate,  es- 
pecially in  malnourished  patients,  but  study  re- 
sults are  influenced  by  patient  population,  use 
of  lipids,  methodological  quality,  and  year  of 
publication.  , 

Systematic  Review  of  Early  Prediction  of 
Poor  Outcome  in  Anoxic-Ischaemic  Coma — 

Zandbergen  EG,  de  Haan  RJ,  Stoutenbeek  CP, 
Koelman  JH,  Hijdra  A.  Lancet  1998;352(9143): 
1808. 

BACKGROUND:  Studies  to  assess  the  prog- 
nostic value  of  early  neurological  and  neuro- 
physiological  findings  in  patients  with  anoxic- 
ischaemic  coma  have  not  led  to  precise, 
generally  accepted,  prognostic  rules.  We  did  a 
systematic  review  of  the  relevant  literature  to 
assess  whether  such  rules  could  be  derived  from 
the  combined  results  of  these  studies.  METH- 
ODS: From  Medline  and  Embase  databases  we 
selected  studies  concerning  patients  older  than 
10  years  with  anoxic-ischaemic  coma  in  which 
findings  from  early  neurological  examination, 
electroencephalogram  (EEG),  or  somatosensory 
evoked  potentials  (SSEP)  were  related  to  poor 
outcome — defined  as  death  or  survival  in  a  veg- 
etative state.  We  selected  variables  with  a  spec- 
ificity of  100%  for  poor  outcome  in  all  studies, 
and  expressed  the  overall  prognostic  accuracy 
of  these  variables  as  pooled  positive-likelihood 
ratios  and  as  95%  CIs  of  the  pooled  false-pos- 
itive test  rates.  FINDINGS:  In  33  studies,  14 
prognostic  variables  were  studied,  three  of  which 
had  a  specificity  of  100%:  absence  of  pupillary 
light  reflexes  on  day  3  (pooled  positive-likeli- 
hood ratio  10.5  [95%  CI  2.1-52.4];  95%  CI 
pooled  false-positive  test  rate  0-1 1.9%);  absent 
motor  response  to  pain  on  day  3  (16.8  [3.4- 
84.1];  0-6.7%);  and  bilateral  absence  of  early 
cortical  SSEP  within  the  first  week  (12.0  [5.3- 
27.6];  0-2.0%).  EEG  recordings  with  an  iso- 
electric or  burst-suppression  pattern  had  a  spec- 
ificity of  100%  in  five  of  six  relevant  studies 
(pooled  positive-likelihood  ratio  9.0  [2.5-33.1]; 
95%CI  pooled  false-positive  test  rate  0.2-5.9%). 
These  characteristics  were  present  in  1 9%,  3 1  %, 
33%,  and  33%  of  pooled  patient  populations, 
respectively.  For  the  1 1  SSEP  studies,  results 
did  not  significantly  differ  between  studies  in 
which  the  treating  physicians  were  or  were  not 
masked  from  the  test  result,  prospective  and 
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Abstracts 


retrospective  studies,  studies  with  short  and  long 
follow-up  periods,  and  studies  with  high  or  low 
overall  poor  outcome.  INTERPRETATION: 
SSEP  has  the  smallest  CI  of  its  pooled  positive- 
likelihood  ratio  and  its  pooled  false-positive  test 
rate.  Because  evoked  potentials  are  also  the  least 
susceptible  to  metabolic  changes  and  drugs,  re- 
cording of  SSEP  is  the  most  useful  method  to 
predict  poor  outcome. 

Voluntary  Activation  of  tlie  Human  Dia- 
phragm in  Healtli  and  Disease — Sinderby  C, 
Beck  J,  Spahija  J,  Weinberg  J,  Grassino  A. 
J  AppI  Physiol  1998;85(6):2I46. 

Intersubject  comparison  of  the  crural  diaphragm 
electromyogram,  as  measured  by  an  esophageal 
electrode,  requires  a  reliable  means  for  normal- 
izing the  signal.  The  present  study  set  out  1 )  to 
evaluate  which  voluntary  respiratory  maneuvers 
provide  high  and  reproducible  diaphragm  elec- 
tromyogram root-mean-square  (RMS)  values 
and  2)  to  determine  the  relative  diaphragm  ac- 
tivation and  mechanical  and  ventilatory  outputs 
during  breathing  at  rest  in  healthy  subjects  (n  = 
5),  in  patients  with  severe  chronic  obstructive 
pulmonary  disease  (COPD,  n  =  5),  and  in  re- 
strictive patients  with  prior  polio  infection  (PPI, 
n  =  6).  In  all  groups,  mean  voluntary  maximal 
RMS  values  were  higher  during  inspiration  to 
total  lung  capacity  than  during  sniff  inhalation 
through  the  nose  (P  =  0.035,  ANOVA).  The 
RMS  (percentage  of  voluntary  maximal  RMS) 
during  quiet  breathing  was  8%  in  healthy  sub- 
jects, 43%  in  COPD  patients,  and  45%  in  PPI 
patients.  Despite  the  large  difference  in  relative 
RMS  (P  =  0.012),  there  were  no  differences  in 
mean  transdiaphragmatic  pressure  (P  =  0.977) 
and  tidal  volumes  (P  =  0.426).  We  conclude 
that  voluntary  maximal  RMS  is  reliably  obtained 
during  an  inspiration  to  total  lung  capacity  but 
a  sniff  inhalation  could  be  a  useful  complemen- 
tary maneuver.  Severe  COPD  and  PPI  patients 
breathing  at  rest  are  characterized  by  increased 
diaphragm  activation  with  no  change  in  dia- 
phragm pressure  generation. 

Bartenders'  Respiratory  Healtli  after  Estab- 
lishment of  Smoke-Free  Bars  and  Taverns — 

Eisner  MD,  Smith  AK,  Blanc  PD.  JAMA  1998; 
280(22):  1909. 

CONTEXT:  The  association  between  environ- 
mental tobacco  smoke  (ETS)  exposure  and  re- 
spiratory symptoms  has  not  been  well  estab- 
lished in  adults.  OBJECTIVE:  To  study  the 
respiratory  health  of  bartenders  before  and  after 
legislative  prohibition  of  smoking  in  all  bars 
and  taverns  by  the  .state  of  California.  DESIGN: 
Cohort  of  bartenders  interviewed  before  and  af- 
ter smoking  prohibition.  SETTING  AND  PAR- 
TICIPANTS: Bartenders  at  a  random  sample  of 
bars  and  taverns  in  San  Francisco.  MAIN  OUT- 
COME MEASURES:  Interviews  assessed  re- 
spiratory symptoms,  sensory  irritation  symp- 


toms, ETS  exposure,  personal  smoking,  and 
recent  upper  respiratory  tract  infections.  Spiro- 
metric  assessment  included  forced  expiratory 
volume  in  1  second  (FEV,)  and  forced  vital 
capacity  (FVC)  measurements.  RESULTS:  Fif- 
ty-three of  67  eligible  bartenders  were  inter- 
viewed. At  baseline,  all  53  bartenders  reported 
workplace  ETS  exposure.  After  the  smoking 
ban,  self-reported  ETS  exposure  at  work  de- 
clined from  a  median  of  28  to  2  hours  per  week 
(P<0.001).  Thirty-nine  bartenders  (74%)  ini- 
tially reported  respiratory  symptoms.  Of  those 
symptomatic  at  baseline,  23  (59%)  no  longer 
had  symptoms  at  follow-up  (P<0.001).  Forty- 
one  bartenders  (77%)  initially  reported  sensory 
irritation  symptoms.  At  follow-up,  32  (78%)  of 
these  subjects  had  resolution  of  symptoms 
(P<0.001).  After  prohibition  of  workplace 
smoking,  we  observed  improvement  in  mean 
FVC  (0.189  L;  95%  confidence  interval  [CI], 
0.082-0.296  L;  4.2%  change)  and,  to  a  lesser 
extent,  mean  FEV,  (0.039  L;  95%  CI,  -0.030  to 
0.107  L;  1.2%  change).  Complete  cessation  of 
workplace  ETS  exposure  (compared  with  con- 
tinued exposure)  was  associated  with  improved 
mean  FVC  (0.287  L;  95%  CI,  0.088-0.486;  6.8% 
change)  and  mean  FEV,  (0.142  L;  95%  CI, 
0.020-0.264  L;  4.5%  change),  after  controlling 
for  personal  smoking  and  recent  upper  respira- 
tory tract  infections.  CONCLUSION:  Establish- 
ment of  smoke-free  bars  and  taverns  was  asso- 
ciated with  a  rapid  improvement  of  respiratory 
health.  See  the  related  editorial:  Exposure  to 
Environmental  Tobacco  Smoke:  Identifying 
and  Protecting  Those  at  Risk.  Da  vis  RM.  JAMA 
1998;280(22):1947-1949. 

Measurement  of  Symptoms,  Lung  Hyperin- 
flation, and  Endurance  During  Exercise  in 
Chronic  Obstructive  Pulmonary  Disease — 

O'Donnell  DE,  Lam  M,  Webb  KA.  Am  J  Re- 
spirCrit  Care  Med  !998;158(5  Pt  1):1557. 

Changes  in  lung  hyperinflation,  dyspnea,  and 
exercise  endurance  are  important  outcomes  in 
assessing  therapeutic  responses  in  chronic  ob- 
structive pulmonary  disease  (COPD).  Therefore, 
we  studied  the  reproducibility  of  Borg  dyspnea 
ratings,  inspiratory  capacity  (IC;  to  monitor  lung 
hyperinflation),  and  endurance  time  during  con- 
stant-load symptom-limited  cycle  exercise  in  29 
patients  with  COPD  (FEV,  =  40  ±  2%  pre- 
dicted; mean  ±  SEM).  Responsiveness  was  also 
studied  by  determining  the  acute  effects  of  neb- 
ulized 500  micrograms  ipratropium  bromide 
(IB)  or  saline  placebo  (P)  on  these  measure- 
ments. During  each  of  four  visits  conducted 
over  an  8-wk  period,  spirometry  and  exercise 
testing  were  performed  before  and  1  h  after 
receiving  IB  or  P  (randomized,  double-blind- 
ed). Highly  reproducible  measurements  includ- 
ed: endurance  time  (intraclass  correlation  R  = 
0.77,  p  <  0.0001);  Borg  ratings  and  IC  at  rest, 
at  a  standardized  exercise  time  (STD),  and  at 
peak  exercise  (R  >  0.6,  p  <  0.0001);  and  slopes 


of  Borg  ratings  over  time,  oxygen  consumption 
(VO2),  and  ventilation  (R  >  0.6,  p  <  0.0001). 
Responsiveness  was  confirmed  by  finding  a  sig- 
nificant drug  effect  for:  change  (A)  in  endur- 
ance time  (p  =  0.000 1);  ABorgSTD  and  ABorg- 
time  slopes  (p  <  0.05);  and  AIC  at  rest,  at  STD, 
and  at  peak  exercise  (p  =  0.0001).  With  all 
completed  visits,  ABorgSTD  correlated  better 
with  AICSTD  than  any  other  resting  or  exercise 
parameter  (n  =  1 15,  r  =  -0.35,  p  <  0.001).  We 
concluded  that  Borg  dyspnea  ratings,  and  mea- 
surements of  IC  and  endurance  time  during  sub- 
maximal  cycle  exercise  testing  are  highly  re- 
producible and  responsive  to  change  in  severe 
COPD. 

Outcomes  and  Resource  Utilization  for  Pa- 
tients with  Prolonged  Critical  Illness  Man- 
aged by  University-Based  or  Community- 
Based  Subspecialists — Bach  PB,  Carson  SS, 
Leff  A.  Am  J  Respir  Crit  Care  Med  1 998;  1 58(5 
Pt  1):14I0. 

We  studied  1 1 8  patients  with  prolonged  critical 
illness  to  determine  if  there  would  be  a  differ- 
ence in  outcome  between  patients  managed  by 
university-based  (UB)  or  community-based 
(CB)  intensivists.  Patients  consecutively  admit- 
ted to  a  long-term  acute  care  hospital  were  as- 
signed in  an  arbitrary  manner  to  the  UB  service 
or  CB  service.  Patient  survival,  length  of  stay, 
and  success  and  length  of  time  required  for  lib- 
eration from  mechanical  ventilation  (MV)  were 
compared  using  survival  analysis,  logistic  re- 
gression, and  analysis  of  variance  techniques. 
Patients  on  the  UB  service  were  liberated  from 
MV  in  32%  fewer  days  (39  versus  57  d,  p  = 
0.02)  and  were  marginally  more  likely  to  be 
liberated  from  MV  (46%  versus  30%,  p  =  0.14). 
UB  physicians  were  more  likely  to  write  do  not 
resuscitate  orders  (59%  versus  33%,  p  <  0.01) 
and  to  withdraw  life-sustaining  therapy  (12% 
versus  2%,  p  =  0.09).  There  were  no  detectable 
differences  in  survival  between  the  two  groups. 
Estimated  reimbursement  for  CB  physicians 
($6,797/patient)  was  46%  greater  than  for  UB 
physicians  ($4,65 1 /patient)  for  discharged  pa- 
tients (p  =  0.03).  We  conclude  that  patients 
experiencing  prolonged  critical  illness  may  ex- 
perience different  outcomes  based  on  their  phy- 
sician provider.  In  our  study,  patients  were  lib- 
erated more  quickly  from  MV,  were  withdrawn 
from  life  support  more  readily,  and  were  man- 
aged at  lower  cost  by  UB  intensivists  than  by 
CB  intensivists. 

Reference  Equations  for  the  Six-Minute  Wall< 
in  Healthy  Adults— Enright  PL,  Sherrill  DL. 
Am  J  Respir  Crit  Care  Med  1998;  1 58(5  Pt  1): 
1384. 

In  order  to  establish  reference  equations  for  pre- 
diction of  the  total  distance  walked  during  six 
minutes  (6MWD)  for  healthy  adults,  we  admin- 
istered the  standardized  6-min  walk  test  to  1 1 7 


268 


Respiratory  Care  •  March  1999  Vol  44  No  3 


See  the  fastest  Nitric  Oxide  analyzer,  utilized 
for  Exhaled  Nitric  Oxide  measurements,  with 
simultaneous  CO2,  O2,  flow  and  volume. 


Booth  #  656  at  the  AARC  Congress  in  Atlanta 


ECO   PHYSICS 

ECO  PHYSICS,  INC. 
3915  Research  Park  Drive,  Suite  A-3 
Ann  Arbor,  Ml  48108-2200 
Tel.  (734)998-1600    http://ic.net/~ecophys 


Caution:  For  research  use  only, 
not  for  use  in  diagnostic  procedures 

Circle  102  on  reader  service  card 


Advance  Your  Career 
in  Healthcare! 

Earn  Your  Degree  at  Home! 

Achieve  Success  Through  Distance  Education! 

("id  till'  ducational  cralmlials  you  im-il  lo  aihanw  your  tarrer 

—  witlioul  spending  extra  lime  and  money  attending  an  on- 

campus  university.  Chase  from  California  0)llege  for  Heallli 

Sciences'  exciting  line-up  of  Asscxiale,  Bachelor's,  and  Master  ■- 

Degree  Programs.  You'll  enjoy  the  benefits  tkit  come  with 

rcspaled  cTedentials  in  any  one  of  23  fa.st-growing  healthcare  and        ,. , , .  ,,„  ,,,,.,, ,.,.,. 

lx.sctc.,s,pa^lties.  FREE  LNFORMAHON! 

•  AccTedited  member,  Distance  Educaoon  and  Trainmg  Council.  oi\t\  n/li  Llc\t\ 

•  You  may  lie  able  to  receive  cialit  for  previous  cxjllege  courses         l-0Ulr7Dl"0TU7 
or  work  experience  quivalent  to  college  or  university  learning.  »-»¥.cchs.edu 

,Vo  (Migalimi.  Acl  today. 


Call  today  or  send  this  coupon  to: 

Califoinia  College  for  Health  Sciences 

Since  1978      Dept.  1«0,\  222  We.st  24th  .St.,  National  City.  CA  91950 
■\rcQ\  FAX  '■  (619)  477-4.-(6U        cchsirfo9cdB.cdu 

1  lis.  1  want  10  find  out  more  abut  continuing  my  professional  education  at  home  with  California  College  for  Health  Sciences. 

Omose  ONEofthefoBmring  accredUed  programs: 


CCHS 


School  of  Health  Sciences 

Associate  of  Science       Bachelor  of  Science 

D  Ri-spiramTixhninan       in  Health  Services 

a  RcspirjK^'Tlierapisl  majors  in: 

n  FKG  Tahnologisl  □   Ki'.vpirjlun'Cjri- 

D  Allied  MLMJlh  □   Mjna.uemcni 

Certificate  Programs  for  College  Credit 

D   (ifn)ni(ik)n\  D   Holysiimnography 

D    liwkhaa'HihiLS  D   BuMne\s  E'vscnlials 

D    Meallh  I'sycliolog)'  D   Qmimimiiy  Heallh  Edualinn 


0  Marketing 
D  Business 


School  of  Business 

Bachelor  of  Science  in  Business 

majors  iK 

D   Atiduniinj; 
n   FinantL' 
n   ,\lana);L'meni 

Career  Diploma  Programs 

D  Pharmq  Technology  D  Medical  Assisting 
D  Physical  Therapy  Aide  D  EKG  Technology 
D   Denial  Assisting  D   Home  Health  Aide 


x\me 
Address 

Apt. » 

Ciiv/Stiic 

Zip 

Phone!        1 

E-mail: 

Hospilal  F;icilily_ 


J'hone  ( 


Cdlifoniki  College  fur  Heallh  Sciences  •  A  Division  ofHarcourt  Brace  &  Company 


Circle  111  on  reader  service  card 


healthy  men  and  1 73  healthy  women,  aged  40 
to  80  yr.  Oxygen  saturation  {S,,o,),  pulse  rate, 
and  the  degree  of  dyspnea  (Borg  scale)  were 
determined  before  and  at  the  end  of  the  walk. 
The  median  distance  walked  was  576  m  for 
men  and  494  m  for  women.  The  6MWD  was 
significantly  less  for  men  and  women  who  were 
older  and  heavier,  and  for  shorter  men.  The 
resulting  gender-specitlc  regression  equations 
explained  about  40%  of  the  variance  in  the  dis- 
tance walked  for  healthy  adults:  for  men, 
6MWD  =  (7.57  X  height  cm)  -  (5.02  X  age)  - 
( 1 .76  X  weight  kg)  -  309  m,  and  for  women, 
6MWD  =  (2.1 1  X  height  cm)  -  (2.29  x  weight 
kg)  -  (5.78  X  age)  +  667  m.  These  reference 
equations  may  be  used  to  compute  the  percent 
predicted  6MWD  for  individual  adult  patients 
performing  the  test  for  the  first  time,  when  us- 
ing the  standardized  protocol. 


A  Lung  Computed  Tomographic  Assessment 
of  Positive  End-Expiratory  Pressure-Induced 
Lung  Overdistension — Vieira  SR,  Puybasset 
L,  Richecoeur  J,  Lu  Q,  Cluzel  P.  Gusman  PB. 
et  al.  Am  J  Respir  Crit  Care  Med  I998;I58(5  Ft 
I):I57I. 

The  aim  of  this  .study  was  to  assess  positive 
end-expiratory  pressure  (PEEP)-induced  lung 
overdistension  and  alveolar  recruitment  in  six 
patients  with  acute  lung  injury  (ALl)  using  a 
computed  tomographic  (CT)  scan  method.  Lung 


overdistension  was  first  determined  in  six 
healthy  volunteers  in  whom  CT  sections  were 
obtained  at  FRC  and  at  TLC  with  a  positive 
airway  pressure  of  30  cm  H^O.  In  patients,  lung 
volumes  were  quantified  by  the  analysis  of  the 
frequency  distribution  of  CT  numbers  on  the 
entire  lung  at  zero  end-expiratory  pressure 
(ZEEP)  and  PEEP.  In  healthy  volunteers  at  FRC, 
the  distribution  of  the  density  histograms  was 
monophasicwithapeakat-791  ±  l2Hounsfreld 
units  (HU).  The  lowest  CT  number  observed 
was  -912  HU.  At  TLC,  lung  volume  increased 
by  79  ±  35%  and  the  peak  CT  number  de- 
creased to  -886  ±  26  HU.  More  than  70%  of 
the  increase  in  lung  volume  was  located  below 
-9(X)  HU,  suggesting  that  this  value  can  be  con- 
sidered as  the  threshold  separating  normal  aer- 
ation from  overdistension.  In  patients  with  ALl, 
at  ZEEP  the  distribution  of  density  histograms 
was  either  monophasic  (n  =  3)  or  biphasic  (n  = 
3).  The  mean  CT  number  was  -319  ±  34  HU. 
At  PEEP  13  ±  3  cm  HjO,  lung  volume  in- 
creased by  47  ±  19%  whereas  mean  CT  num- 
ber decreased  to  -538  ±  171  HU.  PEEP  in- 
duced a  mean  alveolar  recruitment  of  320  ±  1 60 
mL  and  a  mean  lung  overdistension  of  238  ± 
320  mL.  In  conclusion,  overdistended  lung  pa- 
renchyma of  healthy  volunteers  is  characterized 
by  a  CT  number  below  -900  HU.  This  thresh- 
old can  be  used  in  patients  with  ALl  for  differ- 
entiating PEEP-induced  alveolar  recruitment 
from  lung  overdistension. 


Cycling  of  Inspiratory  and  Expiratory  Mus- 
cle Groups  with  the  Ventilator  in  Airflow 
Limitation — Parthasarathy  S,  Jubran  A,  Tobin 
MJ.  Am  J  Respir  Crit  Care  Med  1998;158(5  Ft 

1):I47I. 

Research  on  patient-ventilator  interactions  has 
largely  focused  on  inspiratory  events,  with  little 
attention  paid  to  expiration.  We  sought  to  de- 
termine the  importance  of  the  timing  and  mag- 
nitude of  expiratory  muscle  activity  in  causing 
patient-ventilator  dyssynchrony.  Our  study  was 
done  with  healthy  subjects  receiving  pressure 
support  in  whom  we  induced  airflow  limitation 
with  a  Starting  resistor.  The  timing  and  magni- 
tude of  expiratory  muscle  activity  were  obtained 
by  wire  electromyographic  recording  of  the  ac- 
tivity of  the  transversus  abdominis  muscle,  and 
were  compared  with  the  cycling  of  the  ventila- 
tor and  inspiratory  muscle  activity  as  determined 
from  a  flow  tracing  and  diaphragmatic  electro- 
myogram  (EMG),  respectively.  Induction  of  air- 
flow limitation  produced  significant  phase  dif- 
ferences in  the  cycling  of  the  subjects'  expiratory 
muscle  group  and  that  of  the  machine.  Some 
inspiratory  efforts  failed  to  trigger  the  ventila- 
tor, owing  in  part  to  an  increase  in  elastic  recoil 
consequent  to  the  commencement  of  expiratory 
efforts  before  the  termination  of  mechanical  in- 
flation. A  delay  in  relaxation  of  the  expiratory 
muscles  did  not  interfere  with  the  success  of 
subsequent  inspiratory  efforts  to  trigger  the  ven- 
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tilator.  We  also  investigated  the  accuracy  of 
two  approaches  for  distinguishing  between  the 
contributions  of  expiratory  muscle  activity  and 
elastic  recoil  to  intrinsic  positive  end-expira- 
tory pressure  (PEEPi):  the  expiratory  increase 
in  gastric  pressure  (Pga)  correlated  better  with 
transversus  abdominis  electromyographic  activ- 
ity (r  =  0.7  to  0.95)  than  did  the  early  inspira- 
tory decrease  in  Pga  (r  =  0.04  to  0.53).  In 
conclusion,  the  continuation  of  mechanical  in- 
flation into  neural  expiration  was  associated  with 
failure  of  the  subsequent  inspiratory  attempt  to 
trigger  the  ventilator. 

Clinical  Efficacy  of  Low-Dose  Inhaled  Budes- 
onide  Once  or  Twice  Daily  in  Children  with 
Mild  Asthma  Not  Previously  Treated  with 
Steroids — Jonasson  G,  Carlsen  KH,  Blomqvist 
P.  EurRcspir  J  1998: 12(5):  1099. 

The  aim  of  the  present  study  was  to  examine 
the  efficacy  of  low-dose  inhaled  budesonide 
(BUD)  administered  via  Turbuhaler  once  or 
twice  daily  on  symptoms,  lung  function  and 
bronchial  hyperreactivity  in  children  with  mild 
asthma.  One  hundred  and  sixty-three  children 
(mean  age  9.9  yrs,  56  females/ 107  males)  with 
mild  asthma  (forced  expiratory  volume  in  one 
second  (FEV , )  1 03%  of  predicted,  morning  peak 
expiratory  flow  (PEE)  87%  pred,  reversibility 
in  FEV,  3%,  fall  in  FEV,  after  exercise  10.4% 
from  pre-exercise  value)  and  not  previously 
treated  with  inhaled  steroids,  were  included  in  a 
double-blind,  randomized,  parallel-group  study. 
After  a  two-week  run-in  period,  the  children 
received  inhaled  BUD  100  microg  or  200  mi- 
crog  once  daily  in  the  morning,  100  microg 
twice  daily  or  placebo  for  12  weeks.  Exercise 
and  methacholine  challenges  were  performed 
before  and  at  the  end  of  treatment.  After  12 
weeks  of  therapy,  the  fall  in  fT£V,  after  an  ex- 
ercise test  was  significantly  less  in  all  three 
BUD  groups  (43-5.1%)  than  in  the  placebo 
group  (8.6%).  Bronchial  hyperreactivity  to 
methacholine  with  the  provocative  dose  caus- 
ing a  20%  fall  in  FEV,  decreased  significantly 
in  the  BUD  100  microg  twice-daily  group  com- 
pared with  placebo  (ratio  at  the  end  of  treat- 
ment 156%).  Changes  in  baseline  lung  function 
(FEV  I  and  PEF)  were  less  marked  than  changes 
in  bronchial  responsiveness.  In  conclusion,  low 
doses  of  inhaled  budesonide,  given  once  or  twice 
daily,  provided  protection  against  exercise-in- 
duced bronchoconstriction  in  children  with  mild 
a.sthma  and  near  normal  lung  function. 

Bronchoscopy  with  Transbronchial  Biopsies: 
Measurement  of  Bleeding  Volume  and  Eval- 
uation of  the  Predictive  Value  of  Coagula- 
tion Tests— Bjortuft  O,  Brosstad  F,  Boe  J.  Eur 
Respir  J  I998;12(5):l()25. 

The  objectives  of  this  study  were  to  measure 
the  bleeding  volume  associated  with  fibreoptic 
bronchoscopy  with  transbronchial  biopsies 


(TBB),  to  correlate  it  with  coagulation  tests  and 
to  compare  bleeding  volume  in  patients  with 
and  without  lung  transplant.  A  total  of  104  con- 
secutive TBB  in  51  different  patients  was  eval- 
uated pro.spectively.  Before  each  procedure,  hae- 
moglobin, blood  platelets,  prothrombin  time 
(PT),  activated  partial  thromboplastin  time 
(aPTT)  and  bleeding  time  were  measured.  Dur- 
ing the  procedure,  lavage  fluid  and  blood  were 
collected  by  suction.  The  haemoglobin  concen- 
tration of  the  mixture  was  measured  and  bleed- 
ing volume  was  calculated.  Clinically  signifi- 
cant bleeding  was  arbitrarily  defined  as  >20 
mL  blood  present  in  lavage  fluid.  The  mean±SD 
bleeding  volume  was  7±  10  mL  with  no  statis- 
tically significant  difference  between  trans- 
planted and  nontransplanted  patients.  In  eight 
procedures  (7.7%)  the  bleeding  volume  was  >20 
mL  (range  22-61  mL).  Prebiopsy  values  for 
blood  platelet  counts.  PT  and  aPTT  did  not  pre- 
dict a  bleeding  tendency  in  any  of  the  proce- 
dures in  which  significant  bleeding  occurred. 
No  correlation  was  found  between  bleeding  time 
and  bleeding  volume  in  the  17  procedures  per- 
formed in  patients  with  a  prolonged  bleeding 
time  (a  10  min).  The  bleeding  associated  with 
transbronchial  biopsies  was  usually  minor  and 
quantitatively  similar  in  patients  with  or  with- 
out lung  transplant.  Coagulation  tests  could  not 
predict  clinically  significant  bleeding,  which 
may  occur  in  patients  with  normal  coagulation 
test  results. 

An  Inhaled  Steroid  Improves  Markers  of  Air- 
way Inflammation  in  Patients  with  Mild  Asth- 
ma— Jatakanon  A,  Lim  S,  Chung  KF,  Barnes 
PJ.  Eur  Respir  J  1998:12(5):I084. 

Airway  inflammation  can  be  demonstrated  in 
mildly  asthmatic  patients  who  are  not  treated 
with  inhaled  steroids.  Current  guidelines  rec- 
ommend that  inhaled  steroids  should  be  intro- 
duced in  mild  asthmatics  who  use  an  inhaled 
beta2-agonist  more  than  once  daily.  It  was  pos- 
tulated that  inhaled  steroids  can  have  anti-in- 
flammatory effects  in  patients  with  even  milder 
disease.  The  effect  of  4  weeks  of  treatment  with 
budesonide  (8(K)  microg  twice  daily  by  Turbo- 
haler)  was  studied  in  10  steroid-naive  mildly 
asthmatic  patients  (forced  expiratory  volume  in 
one  second  (FEV,)  =  96±  1.4%  predicted)  who 
required  an  inhaled  beta2-agonist  less  than  one 
puff  daily,  in  a  double-blind,  placebo-controlled, 
crossover  fa.shion.  Spirometry,  exhaled  nitric  ox- 
ide (NO),  bronchial  responsiveness  (provoca- 
tive concentration  causing  a  20%  fall  in  FEV, 
(PCjo))-  and  sputum  induction  were  performed 
before  and  after  each  treatment  period.  Follow- 
ing budesonide  treatment,  there  were  signifi- 
cant improvements  in  FEV,,  and  PC,q,  in  as- 
sociation with  a  significant  reduction  in  the 
percentage  of  eosinophils  in  induced  sputum. 
Exhaled  NO  levels  tended  towards  reduction, 
but  the  change  was  nonsignificant.  There  were 
also  nonsignificant  reductions  in  sputum  eosin- 


ophil cationic  protein  and  tumour  necrosis  fac- 
tor-alpha levels.  In  conclusion  inhaled  budes- 
onide can  lead  to  improvements  in  noninvasive 
markers  of  airway  inflammation,  in  association 
with  a  small  improvement  in  lung  function,  even 
in  mildly  asthmatic  patients  who  require  an  in- 
haled beta2-agonist  less  than  once  daily.  This 
suggests  a  potential  benefit  of  inhaled  cortico- 
steroids, even  in  relatively  asymptomatic 
asthma. 

Two- Year  Results  after  Lung  Volume  Re- 
duction Surgery  in  Alphal-Antitrypsin  De- 
ficiency Versus  Smoker's  Emphysema — 

Cassina  PC,  Teschler  H,  Konietzko  N, 
Theegarten  D,  Stamatis  G.  Eur  Respir  J  1998; 

12(5):1028. 

Lung  volume  reduction  surgery  (LVRS)  im- 
proves exercise  capacity  and  relieves  dyspnoea 
in  patients  with  smoker's  emphysema  (SE).  It 
is  unclear,  however,  whether  LVRS  similarly 
improves  lung  function  in  alpha  1-antitrypsin- 
deficiency  emphy,sema  (alpha  1  E).  To  address 
this  question,  this  study  prospectively  compared 
the  intermediate-term  functional  outcome  in  12 
consecutive  patients  with  advanced  alpha  1 E  and 
18  patients  with  SE  who  underwent  bilateral 
LVRS.  Before  surgery  there  were  no  statisti- 
cally significant  differences  between  the  two 
groups  in  the  six-minute  walking  distance,  dys- 
pnoea score,  respiratory  mechanics  or  lung  func- 
tion data,  except  for  the  forced  expiratory  vol- 
ume in  one  second,  which  was  lower  in  the 
deficient  group  (24  versus  3 1  %  of  the  predicted 
value:  p<0.05).  In  both  groups,  bilateral  LRVS 
produced  significant  improvements  in  dyspnoea, 
the  six-minute  walking  distance,  lung  function 
and  respiratory  mechanics.  In  the  alpha  1 E  group, 
the  functional  data,  with  the  exception  of  the 
six-minute  walking  distance,  returned  to  base- 
line at  6-12  months  postoperation  and  showed 
further  deterioration  at  24  months.  The  func- 
tional status  of  the  SE  group  remained  signifi- 
cantly improved  over  this  period.  In  conclu- 
sion, the  functional  improvements  resulting 
from  bilateral  lung  volume  reduction  surgery 
are  sustained  for  at  least  2  yrs  in  most  patients 
with  smoker's  emphysema,  but  this  type  of  sur- 
gery offers  only  short-term  benefits  for  most 
patients  with  alpha  IE. 

Pulmonary  Function  in  Sickle  Cell  Disease 
with  or  without  Acute  Chest  Syndrome — 

Santoli  F,  Zerah  F,  Vasile  N,  Bachir  D,  Galac- 
teros  F,  Atlan  G.  Eur  Respir  J  1 998;  1 2(5):  1 1 24. 

Recurrent  acute  chest  syndrome  (ACS)  has  been 
suggested  as  a  risk  factor  for  chronic  lung  dys- 
function in  sickle  cell  disease.  To  investigate 
this  hypothesis,  lung  function  tests  were  per- 
formed in  49  sickle  cell  disease  outpatients 
whose  condition  was  stable,  including  23  pa- 
tients with  a  history  of  two  to  four  epi.sodes  of 
ACS  (ACS^-)  and  26  with  no  history  of  ACS 
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(ACS-).  The  two  groups  were  comparable  re- 
garding the  sex  ratio,  body  mass  index,  smok- 
ing history,  physical  characteristics,  clinical  his- 
tory and  usual  lung  function  tests.  Respiratory 
resistance  (Rrs),  measured  using  the  forced  os- 
cillation technique,  increased  with  the  number 
of  ACS  episodes  (r=0.55,  p<0.0001)  and  a 
significant  relationship  was  observed  between 
Rrs  as  an  independent  variable  and  the  expira- 
tory flow  rates  at  25,  50  and  25-75%  of  the 
forced  vital  capacity  as  explanatory  variables 
(r=  0.36,  p<0.02;  r=0.35,  p<0.02;  and  r=0.4, 
p<0.006,  respectively),  with  higher  Rrs  being 
associated  with  lower  expiratory  flow  rates.  The 
transfer  factor  (TL.CO)  and  transfer  coefficient 
(KCO)  for  CO  were  significantly  higher  in  the 
ACS-^  group  than  in  the  ACS-group 
(TL,CO=84  ±  4  versus  71  ±  3%,  p<0.004 
and  KCO=  102  ±  5  versus  90  ±  3%,  p<0.05, 
respectively).  The  data  demonstrate  that  ob- 
structive lung  dysfunction  is  fairly  common  in 
sickle  cell  disease  and  suggest  that  recurrent 
acute  chest  syndrome  may  contribute  specific 
obstructive  defects.  The  increase  in  respiratory 
resistance  associated  with  acute  chest  syndrome 
was  accompanied  by  an  increase  in  diffusion 
capacity,  suggesting  that  it  may  have  been  re- 
lated to  an  increase  in  lung  blood  volume. 


Long-Term  Efficacy  of  Dietary  Weight  Loss 
in  Sleep  Apnoea/Hypopnoea  Syndrome — 

Sampol  G,  Munoz  X,  Sagales  MT,  Marti  S, 


Roca  A,  Dolors  de  la  Calzada  M,  et  al. 
Respir  J  1998;  12(5):  11 56. 


Eur 


Weight  loss  is  associated  with  clinical  improve- 
ment in  sleep  apnoea/  hypopnoea  syndrome 
(SAHS).  The  aim  of  this  study  was  to  ascertain 
whether  the  therapeutic  efficacy  of  dietary 
weight  loss  is  maintained  in  the  long-term.  From 
a  total  of  2 1 6  overweight  SAHS  patients  treated 
by  only  a  weight  reduction  programme,  24  cured 
by  this  method  (apnoea/hypopnoea  index  (AHI) 
at  diagnosis  443  ±  27.8,  after  weight  loss  3  ± 
3.1)  were  re-evaluated  after  a  mean  (±SD)  pe- 
riod of  94.3  ±  27.4  months  post-cure.  No  cor- 
relation was  found  between  changes  in  AHI 
and  body  mass  index  experienced  by  each  pa- 
tient in  the  two  phases  of  the  study  (diagnosis 
to  cure  and  cure  to  long-term  follow-up), 
r=0.29,  p=0.156,  demonstrating  a  marked  in- 
tra-individual  variability.  Six  of  the  13  patients 
who  maintained  their  weight  presented  recur- 
rence of  SAHS  (AHI  40.5  ±  24.1)  as  did  eight 
of  the  1 1  who  had  regained  weight  (AHI 
44.3  ±  23.).  Weight  maintenance  was  more 
frequent  among  patients  who  had  continued  to 
attend  periodic  appointments,  10/11  versus  3/13 
(p<0.001).  In  conclusion,  weight-loss  efficacy 
is  maintained  in  the  long-term  in  some  sleep 
apnoea/hypopnoea  syndrome  patients.  This 
study  indicates  the  need  for  periodic  follow-up 
of  these  patients  as  a  reinforcement  for  weight 
maintenance  and  for  early  detection  of  the  re- 


appearance of  sleep  apnoea/hypopnoea  syn- 
drome. 


Measuring  Tidal  Volume  and  Functional  Re- 
sidual Capacity  Change  in  Sleeping  Infants 
Using  a  Volume  Displacement  Plethysmo- 
graph— Wilson  SJ,  O'Brien  C,  Harris  MA, 
Masters  IB.  Eur  Respir  J  1998;I2(5):1 186. 

The  noninvasive  measurement  of  infant  lung 
function  during  unsedated  sleep  in  infants  has 
been  a  long-standing  objective  in  paediatric  re- 
spiratory medicine.  This  note  reports  on  the  de- 
sign and  performance  of  a  head-out  volume- 
displacement  plethysmograph  (VDP)  that 
overcomes  some  of  the  limitations  of  traditional 
lung  function  apparatus.  The  VDP  comprises  a 
rigid  acrylic  box  with  an  integral  water-sealed 
spirometer  and  a  novel  neck  seal.  The  bilayer 
neck  seal  is  of  variable  compliance  and  is  com- 
fortable and  simple  to  use.  The  spirometer  per- 
mits volume  resolution  of  1.5  mL  and  a  dy- 
namic range  in  excess  of  100  mL.  The  frequency 
response  extends  from  0-7  Hz.  Spirometer  in- 
ertance  was  measured  as  0.0015  kPa-L"'-s'^,  re- 
sistance 0.021  kPa-L'-s"'  and  box  capacitance 
0.18L-kPa '.  Tidal  volume,  respiratory  rate  and 
changes  in  functional  residual  capacity  can  be 
recorded  during  unsedated  rapid  eye  movement 
and  nonrapid  eye  movement  whilst  monitoring 
with  conventional  polysomnographic  methods. 
The  head-out  configuration  allows  additional 
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instrumentation  to  be  implemented  with  ease, 
avoids  facial  stimulation  and  allows  unimpeded 
access  to  the  upper  airway.  A  polysomnograph 
illustrating  the  limitations  of  respiratory  induc- 
tance plethysmography  signals  and  typical 
changes  in  functional  residual  capacity  are 
shown. 

Dynamics  of  Spontaneous  Breathing  during 
Patient-Triggered  Partial  Liquid  Ventila- 
tion— Bendel-Stenzel  EM,  Mrozek  JD,  Bing 
DR,  Meyers  PA,  Connett  JE,  Mammel  MC.  Pe- 
diatr  Pulmonol  1998;26(5):319. 

This  study  evaluates  different  ventilator  strate- 
gies during  gas  (GV)  and  partial  liquid  venti- 
lation (PLV)  in  spontaneously  breathing  ani- 
mals. We  hypothesized  that  during  PLV, 
spontaneously  breathing  animals  would  self- 
regulate  respiratory  parameters  by  increasing 
respiratory  rate  (RR)  and  minute  ventilation 
(VE)  when  compared  to  animals  mechanically 
ventilated  with  gas,  and  further  that  full  syn- 
chronization of  each  animal's  effort  to  the  ven- 
tilator cycle  would  decrease  RR  at  stable  tidal 
volumes  (V^.).  We  studied  12  newborn  piglets 
(1.54  ±  0.24  kg)  undergoing  GV  and  PLV  in  3 
different  modes:  intermittent  mandatory  venti- 
lation (IMV),  synchronized  IMV  (SIMV),  and 
assist  control  ventilation  (AC).  Modes  occurred 
sequentially  in  random  order  during  GV  first, 
with  the  same  order  then  repeated  during  PLV. 
Animals  initially  received  continuous  positive 
airway  pressure  (CPAP)  and  returned  to  CPAP 
during  PLV  at  the  end  of  the  experiment.  Pres- 
sure-limited, volume-targeted  ventilation  was 
used  with  a  tidal  volume  goal  of  13  cc/kg.  Rate 
was  set  at  10/min  during  IMV  and  SIMV,  with 
a  back-up  rate  of  10/min  during  AC.  RR,  VE, 
mechanical  (Vy)  and  spontaneous  tidal  volumes 
(s  Vy)  were  measured  breath-to-breath  using  a 
computer-assisted  lung  mechanics  analyzer; 
mean  values  were  determined  over  30-min  pe- 
riods. Data  analysis  used  paired  t-tests  with  Bon- 
ferroni  correction  as  needed  (P  <  0.05).  Blood 
gases  were  stable  in  all  modes  during  GV  and 
PLV.  RR  (min')  and  VE  (L  X  min'/kg)  in- 
creased in  all  modes  from  GV  to  PLV  (RR: 
CPAP  71  vs.  128;  IMV  69  vs.  1 12;  SIMV  65 
vs.  107;  AC  33  vs.  47.  VE:  CPAP  0.47  vs.  0.72; 
IMV  0.46  vs.  0.61;  SIMV  0.45  vs.  0.61;  AC 
0.38  vs.  0.53;  P  <  0.05).  Intermode  compari- 
sons during  PLV  showed  a  lower  RR  with  AC 
(P  <  0.02).  and  a  higher  VE  with  CPAP  (P  < 
0.05).  V^  and  dynamic  respiratory  system  com- 
pliance decreased  from  GV  to  PLV  (V^  P  < 
0.05;  C(rs,dyn)  P  <  0.01);  sV,.  remained  un- 
changed. Vf  and  sVt  did  not  differ  in  inter- 
mode comparisons.  We  conclude  that  during 
PLV,  spontaneously  breathing  piglets  with  nor- 
mal lungs  maintain  physiologic  blood  gases  by 
increasing  VE  through  increa.sed  RR.  AC  pro- 
duced the  most  efficient  respiratory  pattern  dur- 
ing PLV,  with  increased  VE  achieved  by  a  mod- 
est increase  in  RR. 


Acoustic  Method  To  Quantitatively  Assess 
the  Position  and  Patency  of  Infant  Endotra- 
cheal Tubes:  Preliminary  Results  in  Rabbits. 

Mansfield  JP,  Shannon  DC,  Wodicka  GR.  Pe- 
diatr  Pulmonol  1998;26(5):354. 

In  this  preliminary  laboratory  study,  an  acous- 
tical method  was  evaluated  to  quantitatively  as- 
sess the  position  and  patency  of  an  infant-size 
endotracheal  tube  (ETT)  by  in  vivo  and  in  vitro 
measurements.  The  method  consists  of  emitting 
an  audible  sound  pulse  into  the  ETT  and  the 
airways,  and  deriving  position  and  patency  in- 
formation from  the  timing  and  characteristics 
of  the  returning  echoes.  The  method's  capacity 
to  measure  ETT  changes  of  position  in  the  tra- 
cheae of  five  anesthetized  New  Zealand  white 
rabbits  (weight,  4.3-4.9  kg;  age,  1.5-3  years) 
was  found  to  be  accurate  to  0.7  ±3.6  mm 
(mean  ±  95%  CI)  over  a  distance  of  5  cm.  The 
method  was  also  shown  to  reliably  differentiate 
between  tracheal,  bronchial,  and  esophageal  in- 
tubations by  means  of  an  acoustically  inferred 
diameter  of  the  passageway  just  beyond  the  ETT 
tip.  To  assess  the  accuracy  of  estimating  lumen 
obstruction,  in  vitro  acoustical  measurements 
were  performed  in  different  size  ETTs  (2.5,  3.0, 
3.5,  and  4.0  mm  inner  diameter),  with  obstruc- 
tions ranging  from  5-100%  reduction  in  cross- 
sectional  area.  The  system  identified  the  sizes 
of  these  obstructions  to  within  ±7%.  This  tech- 
nology has  the  potential  for  continuous,  com- 
puter-ba.sed  monitoring  of  breathing-tube  func- 
tion through  instantaneous  detection  of  ETT 
malposition  or  obstruction  before  it  leads  to  a 
serious  medical  condition. 

Tuberculin  Skin  Test  Screening  Practices 
Among  US  Colleges  and  Universities — Hen- 
nessey KA,  Schulte  JM,  Cook  L,  Collins  M, 
Onorato  IM,  Valway  SE.  JAMA  1998:280(23): 
2008. 

CONTEXT:  Concern  about  transmission  of  My- 
cobacterium tuberculosis  on  college  campuses 
has  prompted  some  schools  to  institute  tuber- 
culin skin  test  screening  of  students,  but  this 
screening  has  never  been  evaluated.  OBJEC- 
TIVE: To  describe  tuberculin  skin  test  .screen- 
ing practices  and  results  of  screening  in  col- 
leges and  universities  in  the  United  States. 
DESIGN  AND  SETTING:  Self-administered 
mail  and  telephone  questionnaire  in  November 
and  December  1995  to  a  stratified  random  sam- 
ple of  US  2-year  and  4-year  colleges  and  uni- 
versities. MAIN  OUTCOME  MEASURES: 
Type  of  tuberculin  screening  required;  types  of 
schools  requiring  screening;  number  and  rate  of 
students  with  positive  skin  test  results  and/or 
diagnosed  as  having  tuberculosis.  RESULTS: 
Of  the  3148  US  colleges  and  universities,  624 
(78%)  of  796  schools  surveyed  responded.  Over- 
all, 378  schools  (61%)  required  tuberculin 
screening;  it  was  required  for  all  new  students 
(US  residents  and  international  students)  in  161 


(26%)  of  624  schools,  all  new  international  stu- 
dents but  not  new  US  residents  in  53  (8%),  and 
students  in  specific  academic  programs  in  294 
(47%).  Required  screening  was  more  likely  in 
4-year  vs  2-year  schools,  schools  that  belonged 
to  the  American  College  Health  Association  vs 
nonmember  schools,  schools  with  immuniza- 
tion requirements  vs  schools  without,  and 
schools  with  a  student  health  clinic  vs  those 
without  (P<.001  for  all).  Public  and  private 
schools  were  equally  likely  to  require  screening 
(64%  vs  62%;  P=.21).  In  the  378  schools  with 
screening  requirements,  tine  or  multiple  punc- 
ture tests  were  accepted  in  95  (25%);  test  re- 
sults were  recorded  in  millimeters  of  induration 
in  95  (25%);  and  100  (27%)  reported  collecting 
results  in  a  centralized  registry  or  database.  Of 
the  168  (27%)  of  624  schools  accepting  only 
Mantoux  skin  tests  and  reporting  results  for 
school  years  1992-1993  through  1995-1996, 
3. 1  %  of  the  348  368  students  screened  had  pos- 
itive skin  test  results  (median  percentage  posi- 
tive, 0.8%).  International  students  had  a  signif- 
icantly higher  case  rate  for  active  tuberculosis 
than  US  residents  (35.2  vs  1.1  per  100000  stu- 
dents screened).  CONCLUSIONS:  Widespread 
tuberculin  screening  of  students  yielded  a  low 
prevalence  of  skin  test  reactors  and  few  tuber- 
culosis cases.  To  optimize  the  use  of  limited 
public  health  resources,  tuberculin  screening 
should  target  students  at  high  risk  for  infection. 


Nonchemical  Influence  Of  Inspiratory  Pres- 
sure Support  On  Inspiratory  Activity  In  Hu- 
mans— Fauroux  B,  Isabey  D,  Desmarais  G,  Bro- 
chard  L,  Harf  A,  Lofaso  F.  J  Appl  Physiol  1998; 
85(6):2169. 

To  determine  whether  nonchemical  inhibition 
of  respiratory  activity  occurs  during  inspiratory 
pressure  support  (IPS)  ventilation  (IPSV),  re- 
spiratory motor  output  (in  9  subjects),  obtained 
by  calculating  transdiaphragmatic  pressure-time 
products,  and  central  respiratory  output  (in  5 
subjects),  obtained  by  integrating  the  electro- 
myographic activity  of  the  diaphragm  (EMGdi) 
during  mechanical  inspiratory  time,  EMGdi  per 
minute,  and  electrical  inspiratory  time,  as  de- 
termined from  on.set  to  peak  EMGdi,  were  com- 
pared during  spontaneous  ventilation  (control) 
and  IPSV  with  (IPS-l-COj)  and  without  (IPS) 
correction  of  hypocapnia.  Both  IPS  and 
IPS + CO,  induced  significant  decreases  in  trans- 
diaphragmatic pressure-time  products  (46  ±  3 1 
and  53  ±  23%,  respectively),  EMGdi  during 
mechanical  inspiratory  time  (49  ±  12  and  57  ± 
14%,  respectively),  EMGdi  per  minute  (65  ± 
22  and  69  ±  15%,  respectively),  and  electrical 
inspiratory  time  (73  ±  8  and  65  ±  6%,  respec- 
tively). Because  correction  of  hypocapnia  failed 
to  eliminate  the  marked  inhibition  of  both  re- 
spiratory and  central  motor  output  seen  with 
IPS,  we  conclude  that  nonchemical  inhibition 
of  respiratory  activity  occurs  during  IPSV. 
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'"'■  extubation  ""  aerosol  therapy  "'  volume  reduction  lung  surgery 

management 

This  manual  defines: 

•  how  to  document  the  initial  ordering  process 

•  how  to  taper/discontinue  treatments 

•  the  indications  and  standards  of  care 

•  how  to  apply  those  criteria 

Additional  Benefits: 

•  enhance  continuity  of  care 

•  minimize  variation  in  care 
•  realize  cost  containment 

•  improve  utilization 

Written  with  the  bedside  practitioner  in  mind,  these  protocols  saved  UCSD  almost  3  million  dollars  over  4  years! 

Siort  savino  todaii!  Order  uiliile  supplies  Iflsl! 


Phone-in  Orders:  972-243-2272  (Ask  for  Item  #PA801) 
Fax  Orders:  972-484-2720 


Price:  $85  AARC  Member       AARC  Member  #_ 
$95  Non  AARC  Member 
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IUniverstly  ol  California  San  OieQO. 
Respiratoiy  Services 
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Quantity 

Price 

PA801 

Sub  Total 

Tax 

Shipping 

$10 

Total 

(TX  orders  add  8.25%) 


Name  _ 
FaciHty . 


Shipping  Address 

City 

Phone 


State 


Zip 


Q  Visa    □  Mastercard  #_ 
Expiration  Date 
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We've  added  another  nice  touch 


PURITAN-Bi 


BiLevel  and 
static  respiratory 
mechanics  are  now 
available  on  the 
840  Ventilator 

Our  new  BiLever  option  for 
Furitan-Bennetf  840"  Series 
Ventilators  allows  patients  to 
breathe  spontaneously  at  two 
levels  of  PEEP.  This  con- 
tributes to  greater  patient/ven- 
tilator synchrony,  which  may 
reduce  the  work  of  breathing. 

The  static  mechanics 
feature  offers  the  ability  to 
measure  compliance, 
resistance  and  auto-PEEP 
using  an  automatic  or  manual 
maneuver.  Enhanced  rejection 
criteria  and  help  messages  aid 
in  identifying  suspect  values 
and  possible  solutions. 


Ventilator 


Our  next-generation  ventilator  is  setting 
a  new  standard  in  respiratory  care.  ^ 

High  performance  pneumatics      Call  your  local  Mallinckrodt 

ventilator  sales  representative 
or  1.800.635.5267  soon  to 
arrange  a  demonstration  of 
the  840  Ventilator  with 
BiLevel  and  static  respiratory 


and  dual-microprocessor 
electronics  allow  the  840  to 
deliver  sensitive,  precise 
breaths  to  critically  ill  infant, 
pediatric  and  adult  patients. 
Sophisticated  features  like 


%%. 


Mallinckrodt,  which  acquired 
Nellcor  Puritan  Bennett  in 
1997,  is  a  world  leader  in 
pulse  oximeters  and  sensors, 
ventilators,  anesthesiology 
and  respiratory  devices,  and 


mechanics.  This  is  truly  the 
DualVieu"  Touch  Screens,  the      next-generation  of  critical  care 
SmartAlert"  Alarm  System,  ventilators,  and  once  you've 

and  the  SandBox"  settings  touched  one,  you'll  know  why.     alternate  care  products, 

preview  area  make  it  easier 
for  therapists  to  provide  the 
best  possible  care. 


RR 


ALLINCKRODT 


BiLevel,  840,  Puritan-Bennett,  DualView,  SmartAlert  and  SandBox  are  trademarks  of  Mallinckrodt  Inc. 

©1999  Mallinckrodt  Inc.  All  rights  reserved. 

www.mallinckrodt.com  A-FRM332-00  Rev.  A  (01/99) 
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ROUNDS 


A  wondeiful  appoRTUNiTY  to  stretch  your  mind  and  earn 

CQNTINUINB    EDUCATION    CREDITS    whUc  SAVING    YDUR 

FACILITY  thousands  of  dollars  on  in-service  education! 


PROGRAM  1 

ASSESSING   THE 
RESPIRATORY   PATIENT 

LIVE  VIDEOCONFERENCE: 

FEBRUARY  23 

11:30  AM -ItOOPMCT 

TELECONFERENCE: 

MARCH  16 

1 1 :30  AM -12:00  NOON  CT 

PROGRAM  2 

ASTHMA: 
MANAGING   THE 
DISEASE 

LIVE  VIDEOCONFERENCE: 

MARCH  23 

1 1 :30  AM  - 1 :00  PM  CT 

TELECONFERENCE: 

APRIL  27 

1 1 :30  AM -12:00  NOON  CT 

PROGRAM  3 

VENTILATORS 
AND  THEIR 
MANAGEMENT 

LIVE  VIDEOCONFERENCE: 

APRIL  20 

11:30  AM- 1:00  PMCT 

TELECONFERENCE: 

MAY  18 

1 1 :30  AM -12:00  NOON  CT 


PROGRAM  4 

THE    RDLE    PFTHE 
DISEASE    MANAGER 

LIVE  VIDEOCONFERENCE: 

MAY  25 

11:30  AM -1:00  PMCT 

TELECONFERENCE: 

JUNE  29 

1 1 :30  AM -12:00  NOON  CT 

PROGRAM  5 

COPING    WITH 
THE    PEDIATRIC 
RESPIRATORY 
EMERGENCY 

LIVE  VIDEOCONFERENCE: 

JUNE  22 

11:30  AM -1:00  PMCT 

TELECONFERENCE: 

JULY  13 

1 1 :30  AM -12:00  NOON  CT 

PROGRAM  6 

THE  LATEST  WORD 
IN  THE  TREATMENT 
OF   COPD 

LIVE  VIDEOCONFERENCE: 

AUGUST  24 

11:30  AM -1:00  PMCT 

TELECONFERENCE: 

SEPTEMBER  21 

1 1 :30  AM -12:00  NOON  CT 


Approved  fcir  Nursing 
CEUs  AND  Respiratory 
Therapist   CRCEs! 


PROGRAM  7 

PEEP:  THE  STATE 
□  F  THE  ART 

LIVE  VIDEOCONFERENCE: 

SEPTEMBER  28 

11 :30  AM -1:00  PMCT 

TELECONFERENCE: 

OCTOBER  26 

1 1 :30  AM -12:00  NOON  CT 

PROGRAM  8 

NEW    DEVELOPMENTS    IN 
RESPIRATORY   DRUGS, 
MEDICATIONS,   AND 
DELIVERY   DEVICES 

LIVE  VIDEOCONFERENCE: 

OCTOBER  19 

1 1 :30  AM  - 1 :00  PM  CT 

TELECONFERENCE: 

NOVEMBER  16 

1 1 :30  AM -12:00  NOON  CT 

PROFESSOR'S    ROUNDS 

is  a  professioiialtr  produced, 
educalioiial  broadcast 
scries  that  presents  the  topics 
your  peers  and  staff  have 
requested.  Renowned  experts 
have  been  chosen 
to  speak  on  each  topic. 

O  O 

CRCE      CEU 


APPRaVED 
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WHO  SIIOILD 
AH  KM): 

•  Respiratory 
Therapists 
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Nurses  ■■''- 

Physicians 

'  Anyone  involved  ir 
the  management 
and  treatment  of 
respiratory  disease 
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1999    Professors    Rounds 

REGISTRATION 


fo  register,  please  complete  the  following  form.  Include  your 
jurchase  order  number  and  we  will  invoice  you,  or  you  may 
)urchase  ttiis  program  series  with  your  Visa  or  MasterCard.  Fax 
rour  registration  to  (972)  484-2720.  To  register  by  phone,  or  to 
eceive  more  information  about  the  series,  call  the  AARC  at 
972)  243-2272.  Satellite  channel  information  will  be  provded 
yith  the  program  materials. 

f  you  cannot  receive  a  satellite  transmission  due  to  conditions 
jeyond  our  control,  site  coordinators  must  call  the  AARC  at 


(972)  243-2272  before  or  during  a  broadcast  to  receive  the 
teleconference  option.  The  AARC  will  send  you  the  appropriate 
materials. 

Program  materials  and  handouts  will  be  mailed  two  weeks  prior 
to  each  broadcast.  Registrations  received  within  two  weeks  of 
the  program  will  incur  priority  shipping  charges  to  ensure  timely 
arrival  of  program  materials. 


{EGIS TRATION  INFORMATION 

/I ETHOD  DF  PAYMENT:      D  Purchase  Order       n  Visa      D  MasterCard 


3HIP    TD:     (SITE   COaRDINATOR) 


Jame. 


Title 


Facility . 


address . 


elephone . 
kmount  $  _ 


City. 


State 


Zip 


Credit  Card  or  RO.  Number . 


Expiration  Date 


Signature . 


AARC  Member  Number . 


3  ILL    TD:     (IF   DIFFERENT   FROM   ABOVE) 


Jame. 


Title 


Facility . 


Address . 


City. 


State 


Zip 


elephone . 


b  purchase  the  LIVE  VIDEOCONFERENCES,  please  circle  the  desired  programs: 

Entire  Series       Pgm  1       Pgm  2       Pgm  3       Pgm  4       Pgm  5       Pgm  6       Pgm  7       Pgm  8 

:o  purchase  the  TELECONFERENCE  OPTION  (videotapes  with  live  Q  &  A),  please  circle  the  desired  programs: 
Entire  Series       Pgm  1        Pgm  2       Pgm  3       Pgm  4       Pgm  5       Pgm  6       Pgm  7       Pgm  8 


•RICINC;: 


Single  Programs:  $245  each  (per  facility  —  no  limit  on  attendees) 

Entire  Series:  $1 ,395  (per  facility  —  no  limit  on  atten(Jees) 

AARC  Member  Price:  $21 5  each  (per  facility  —  no  limit  on  attendees) 

AARC  Member  Entire  Series  Price:  $1 ,225  (per  facility  —  no  limit  on  attendees) 


ACCREDITATIDN 

Application  has  been  made  for  accreditation  to  the  Texas  Nurse 
Association  for  Nursing  CEUs.  The  series  will  be  accredited  by 
the  date  of  the  first  broadcast.  If  you  would  like  to  confirm  CEU 
accreditation  approval  prior  to  registering,  please  call  Robert  J. 
Czachowski,  PhD,  director  of  education  at  the  AARC,  at  (972) 
406-4681 . 

Each  session  has  been  approved  by  the  AARC  for  one  CRCE 
credit  hour  per  program. 


By  subscribing  to  the  entire  series,  each  viewer  can  earn  a  total 
of  eight  continuing  education  credit  hours.  Whether  viewed 
live,  or  teleconference  (on  videotape),  participant  evaluations 
and  attendance  logs  must  be  returned  to  the  AARC  no  later 
than  30  days  after  the  given  broadcast/teleconference  in  order 
to  receive  credit. 
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Part  li  of 
Two  Special  Issues 


i 


Containing  the  manuscripts  and  discussions  from  the  Journal 
Conference  held  September  11-13,  1998,  in  Banff,  Alberta,  Canada 


This  journal  Conference  was  made  possible 
by  educational  grants  to  the 


SB 


American  Respiratory 
Care  Foundation 


Supported  by  an  educational  grant  from 


\m 


Therapeutics,  Inc. 

An  AGA  Healthcare  Company 
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Conference  faculty  members — front  row,  from  left:  Ronald  G  Pearl  MD  PhD,  Richard  D  Branson  RRT, 
Luca  M  Bigatello  MD,  Dean  R  Hess  PhD  RRT  FAARC,  Thomas  E  Stewart  MD,  William  E  Hurford  MD. 
Back  row,  from  left:  C  Alvin  Head  RRT  RPFT  MD,  )ohn  Thompson  RRT,  |esse  D  Roberts  )r  MD, 
Richard  N  Channlck  MD,  George  F  Rich  MD  PhD,  Herwig  Gerlach  MD.  Not  pictured,  Emile  A  Bacha  MD. 


CO-CHAIR   AND   GUEST   EDITORS 

Dean  RHess  PhD  RRT  FAARC— Boston,  Massachusetts 
and  William  E  Hurford  MD — Boston,  Massachusetts 


Emile  A  Bacha  MD 

Boston,  Massachusetts 

Luca  M  Bigatello  MD 
Boston,  Massachusetts 

Richard  D  Branson  RRT 

Cincinnati, Ohio 

Richard  N  Channick  MD 
San  Diego,  California 


FACULTY 

Herwig  Gerlach  MD 

Berlin,  Germany 

C  Alvin  Head  RRT  RPFT  MD 

Boston,  Massachusetts 

Dean  R  Hess  PhD  RRT  FAARC 
Boston,  Massachusetts 

William  E  Hurford  MD 
Boston,  Massachusetts 

Ronald  G  Pearl  MD  PhD 

Stanford,  California 


George  F  Rich  MD  PhD 

Charlottesville,  Virginia 

Jesse  D  Roberts  ]r  MD 
Boston,  Massachusetts 

Thomas  E  Stewart  MD 
Toronto,  Ontario,  Canada 

John  Thompson  RRT 
Boston,  Massachusetts 
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AMERICAN  ASSOCIATION  FOR  RESPIRATORY  CARE 

1 1 030  Abies  Lane,  Dallas,  TX  75229-4593,  (972)  742-2272.  Fox  (972)  484-2720 

http://www.aarc.org.  E-mail:  info@aarc.org 


Dear  Reader:  • 

In  1982  the  journal  Respiratory  Care  published  the  proceedings  from  the  first  state-of-the-art  conference  pre- 
sented by  the  American  Association  for  Respiratory  Care  and  the  journal.  This  issue  contains  the  proceeding 
from  the  22nd  conference  held  since  1982,  (18  state-of-the-art  conferences  and  4  consensus  conferences). 

1999  -  Artificial  Airways  (June  and  July,  Volume  44,  Numbers  6  and  7) 

1 999  -  infialed  Nitric  Oxide  (February  and  March,  Volume  44,  Numbers  2  and  3) 

1 998  -  Sleep-Disordered  Breathing  (April  and  May,  Volume  43,  Numbers  4  and  5) 

1 997  -  Consensus  Conference  IV:  Noninvasive  Positive  Pressure  Ventilation  (April,  Volume  42,  Number  4) 

1 997  -  Emerging  Health  Care  Delivery  l\/lodels  and  Respiratory  Care  (January,  Volume  42,  Number  1 ) 

1 996  -  H/lechanical  Ventilation:  Ventilatory  Techniques,  Pharmacology,  and  Patient  Management  Strategies 

(April  and  May,  Volume  41 ,  Numbers  4  and  5) 
1 995  -  Resuscitation  in  Acute  Care  Hospitals  (April  and  May,  Volume  40,  Numbers  4  and  5) 
1 995  -  Consensus  Conference  III:  Assessing  Innovation  on  Mechanical  Ventilatory  Support  (September, 

Volume  40,  Number  9) 
1 994  -  Controversies  in  Home  Respiratory  Care  (April  and  May,  Volume  39,  Numbers  4  and  5) 
1 993  -  Oxygenation  in  the  Critically  III  Patient  (June  and  July,  Volume  38,  Numbers  6  and  7) 
1 992  -  Emergency  Respiratory  Care  (June  and  July,  Volume  37,  Numbers  6  and  7) 
1 992  -  Consensus  Conference  II:  The  Essentials  of  Mechanical  Ventilators  (September,  Volume  37, 

Number  9) 
1 991  -  Respiratory  Care  of  Infants  and  Children  (June  and  July,  Volume  36,  Numbers  6  and  7) 
1 991  -  Consensus  Conference  I:  Aerosol  Delivery  (September,  Volume  36,  Number  9) 
1 990  -  Noninvasive  Monitoring  in  Respiratory  Care  (June  and  July,  Volume  35,  Numbers  6  and  7) 
1 989  -  Pulmonary  Function  Testing  (June  and  July,  Volume  34,  Numbers  6  and  7) 
1 988  -  PEEP  (June  and  July,  Volume  33,  Numbers  6  and  7) 
1 987  -  Mechanical  Ventilation  (June  and  July,  Volume  32,  Numbers  6  and  7) 
1 986  -  Neonatal  Respiratory  Care  (June  and  July,  Volume  31 ,  Numbers  6  and  7) 
1 985  -  Monitoring  of  Critically  III  Patients  (June  and  July,  Volume  30,  Numbers  6  and  7) 
1 984  -  Perioperative  Respiratory  Care  (May  and  June,  Volume  29,  Numbers  5  and  6) 
1 983  -   The  Management  of  Acute  Respiratory  Failure  (May,  Volume  28,  Number  5) 
1 982  -  Complications  of  Respiratory  Therapy  (April,  Volume  27,  Number  4) 


The  proceedings  published  in  the  February  and  March  1999  issues  are  of  tremendous  importance  to  respiratory 
care  practitioners  everywhere.  The  "mystery"  and  future  of  inhaled  nitric  oxide  are  analyzed  as  never  before. 
We  are  proud  of  bringing  to  you  these  proceedings  and  we  hope  they  serve  you  well  in  your  daily  practice.  The 
profession  owes  a  great  deal  to  the  many  individuals  responsible  for  presenting  and  publishing  the  conference 
proceedings:  The  Editorial  Board,  the  speakers,  the  Conference  Chairmen,  Editor  In  Chief,  Dr.  David  Pierson, 
and  staff.  We  also  owe  much  more  to  INO  Therapeutics,  Inc.  for  their  generous  grant  that  allowed  the  gathering 
of  the  foremost  experts  in  the  practice  of  inhaled  nitric  oxide. 


Sincerely, 


Ray  Masferrer  RRT 

Managing  Editor,  Respiratory  Care 


Serving  the  Respiratory  Care  Profession  for  50  years 
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Inhaled  Nitric  Oxide:  Delivery  Systems  and  Monitoring 

Richard  D  Branson  RRT,  Dean  R  Hess  PhD  RRT  FAARC,  Robert  S  Campbell  RRT, 

Jay  A  Johannigman  MD 

Introduction 

Manufacture  and  Storage  of  Nitric  Oxide 

Production  Of  NOj 

Use  of  Absorbers/Scrubbers  to  Reduce  NO2 

Effect  on  F,„, 

Environmental  Contamination  with  NO/NOj  and  Scavenging 

Ideal  NO  Delivery  System 

Delivery  Systems  for  Adult  Mechanical  Ventilators 

Continuous  Injection  into  the  Inspiratory  Limb  (c/) 

Inspiratory  Phase  Injection  into  The  Inspiratory  Limb  (h) 

Continuous  Injection  into  the  Y-Piece  (cy) 

Inspiratory  Phase  Injection  into  the  Y-Piece  (iy) 

Tracheal  Injection 

Premixing  System  (pre) 
Delivery  Systems  for  Pediatric  Mechanical  Ventilation 
Delivery  Systems  for  Manual  Ventilators 
NO  Delivery  with  Anesthesia  Ventilators 
Commercial  Systems  for  Mechanical  Ventilation 

I-NOvent  Delivery  System 

NOdomo 

Servo  300 

Pulmonox 
Delivery  Systems  for  Spontaneous  Breathing 
Monitoring  NO  and  NO2 

Electrochemical  Analyzers 

Chemiluminescence  Analyzers 
Summary 

[Respir  Care  1999;44(3):28 1-306]    Key  words:  nitric  oxide,  NO,  nitrogen  di- 
oxide, electrochemical  analyzer,  chemiluminescence  analyzer. 


Introduction 

Excitement  over  the  potential  clinical  applications  of 
inhaled  nitric  oxide  (INO)  has  frequently  been  tempered 


Richard  D  Branson  RRT,  Robert  S  Campbell  RRT,  and  Jay  A  Johannig- 
man MD  are  affihated  with  the  Division  of  Trauma  and  Critical  Care, 
Department  of  Surgery.  University  of  Cincinnati,  Cincinnati.  Ohio.  Dean 
R  Hess  PhD  RRT  FAARC  is  affiliated  with  Respiratory  Care  Services. 
Department  of  Anaesthesia  and  Critical  Care.  Massachusetts  General 
Hospital.  Harvard  Medical  School,  Boston,  Massachusetts. 

Correspondence:  Richard  D  Branson  RRT,  Department  of  Surgery,  Uni- 
versity of  Cincinnati,  231  Bethesda  Avenue,  Cincinnati,  OH,  45267- 
0558.  E-mail:  Richard.Branson@UC.edu. 


by  the  difficulties  in  safe  and  accurate  INO  delivery.  Early 
application  of  INO  was,  by  necessity,  accomplished  using 
various  nonstandardized  ('"home  made")  devices.  NO  de- 
livery was  further  complicated  by  attempts  to  utilize  in- 
dustrial NO  and  nitrogen  dioxide  (NO2)  monitors  within 
the  bidirectional,  nonconstant  gas  flow  of  a  warm,  humid 
ventilator  circuit.  Techniques  to  safely  administer  NO,  limit 
NO2  production,  monitor  both  NO  and  NO,,  and  prevent 
environmental  contamination  will  be  required  before  INO 
can  become  a  routine  therapy.  This  paper  will  review  prep- 
aration of  NO  cylinders,  techniques  for  delivery  of  INO, 
monitoring  of  NO  and  NOj,  and  environmental  contami- 
nation with  NO  and  NOj. 
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Inhaled  Nitric  Oxide:  Delivery  Systems  and  Monitoring 


Manufacture  and  Storage  of  Nitric  Oxide 

Nitric  oxide  is  one  of  the  higher  oxides  of  nitrogen  and 
until  recently  was  regarded  as  a  common  atmospheric  pol- 
lutant resulting  predominately  from  automobile  exhaust.  '-^ 
NO  is  typically  present  in  the  atmosphere  at  concentra- 
tions of  10-100  parts  per  billion  (ppb)  and  in  cigarette 
smoke  at  400-1000  parts  per  million  (ppm).  The  molecular 
weight  and  density  of  NO  are  less  than  oxygen  or  nitrous 
oxide  (NjO),  but  greater  than  nitrogen. 

Until  recently,  the  most  noteworthy  medical  interest  in 
NO  was  as  a  lethal  contaminant  of  nitrous  oxide  cylin- 
ders.''-io  In  1967,  Clutton-Brock  described  the  death  of  2 
patients  and  the  poisoning  of  a  third,  attributable  to  NO 
contamination  of  NjO  cylinders  used  during  anesthesia.' 
Acute  methemoglobinemia  occurred  in  all  3  patients,  with 
the  development  of  respiratory  failure  resulting  in  the  2 
deaths.  NO  contamination  had  occurred  during  the  manu- 
facture of  N2O. 

Nitric  oxide  is  a  small,  diatomic,  free  radical  that  is 
unstable  in  the  ambient  atmosphere.  Nitric  oxide  is  highly 
soluble  in  lipid,  reacts  rapidly  with  oxygen  (O2)  to  form 
NO2,  and  is  potentially  toxic. '-^■*-"'  In  fact,  one  of  the 
challenges  of  NO  manufacture  and  delivery  is  the  mini- 
mization of  NO2  production.  NO2  is  toxic  at  much  lower 
levels  than  NO.  The  Occupational  Safety  and  Health  Ad- 
ministration (OSHA)  has  set  exposure  limits  for  NO  in  the 
workplace  at  25  ppm  time-weighted  average  for  8  hours. 
OSHA  exposure  limits  for  NOj  are  5  ppm.^  The  LC50  (the 
concentration  that  causes  death  in  50%  of  laboratory  ani- 
mals) for  NO  and  NO2  has  been  rated  at  1 1 5  ppm  for  pure 
gas  (ie,  100%  NO  or  NOj).^  However,  the  LC50  of  an 
NO/N2  gas  mixture  is  considerably  greater  than  1 1 5  ppm. 
For  example,"  the  LC50  of  a  800  ppm  NO/N2  gas  cylinder 
is:" 

LC50  =115  ppm/800  ppm  X  1,000,000  =  143,750  ppm 

The  production  of  medical  grade  NO  poses  a  number  of 
challenges.  NO  had  been  manufactured  in  industrial  grades 
for  use  in  welding  and  in  the  semiconductor  industry  for 
years  prior  to  the  first  medical  application.  NO  can  be 
produced  by  reacting  sulfur  dioxide  with  nitric  acid,  by 
reacting  sodium  nitrite  and  sulfuric  acid,  or  by  oxidation 
of  ammonia  over  a  platinum  catalyst  at  high  temperatures 
(>  500°  C)."-'^  NO  is  then  mixed  with  a  carrier  gas 
(usually  N2)  to  produce  the  desired  NO  concentration  with 
a  minimum  purity  of  99%.  The  carrier  gas  could  be  any 
inert  gas,  including  helium.  Helium/NO  mixtures  might 
have  certain  advantages,  but  would  be  considerably  more 
expensive  than  NO/N2  mixtures.  The  final  concentrations 
of  cylinder  gases  (NO  and  NOj)  are  measured  by  chemi- 
luminescence  analysis.  The  NO2  concentration  in  the  cyl- 
inder should  be  <  2%  of  the  NO  concentration. 


Cylinders  for  NO  are  constructed  of  an  aluminum  alloy. 
Good  Manufacturing  Practice  standards  require  that  med- 
ical grade  cylinders  undergo  special  preparation  to  main- 
tain a  precise  concentration.  Cylinder  processing  involves 
multiple  purgings  of  the  interior  of  the  cylinder  with  ni- 
trogen, followed  by  evacuation  to  a  minimum  of  50  mi- 
crons residual  pressure  while  the  cylinder  is  heated.  Heat- 
ing aids  in  the  drying  process.  The  presence  of  water  and 
NO  can  lead  to  the  production  of  nitric  acid,  which  could 
damage  cylinder  walls.  Cylinders  are  then  filled  with  the 
desired  NO  concentration  and  rolled  at  room  temperature 
to  prevent  stratification.  Cylinders  of  NO  are  stable  for  2 
years  or  longer. 

During  early  applications  of  INO  therapy,  cylinders  of 
400  to  2200  ppm  NO  were  commonly  provided  by  gas 
manufacturers.  Following  some  trial  and  error,  it  appears 
that  medical  grade  NO  cylinders  will  contain  800  ppm. 
Cylinder  NO  concentration  would  appear  a  rather  unim- 
portant issue,  but  a  number  of  issues  are  at  play  in  the 
decision.  The  optimal  concentration  of  NO  in  the  cylinder 
balances  safety,  effectiveness,  and  cost.  Other  papers  in 
this  issue  will  suggest  that  the  therapeutic  range  of  INO  is 
1-80  ppm,  depending  of  the  desired  effect.  As  such,  it  is 
important  that  NO  cylinders  allow  delivery  of  this  range  of 
concentrations  without  causing  a  significant  decrease  in 
the  inspired  oxygen  concentration  (fraction  of  inspired  ox- 
ygen [F,oJ)  or  increase  of  the  tidal  volume  (V^). 

Lower  cylinder  concentrations  are  required  for  accurate 
delivery  of  low  doses  of  INO.  Lower  cylinder  concentra- 
tions allow  greater  precision  because  it  is  easier  to  mea- 
sure and  maintain  higher  flows  precisely,  and  source  gas 
of  lower  concentration  requires  a  higher  flow  to  achieve 
the  desired  NO  concentration.  However,  if  high  concen- 
trations are  required  when  using  low  cylinder  concentra- 
tions, greater  NO  flow  is  necessary,  which  decreases  F,Oj 
and  increases  Vy.  Higher  source  gas  concentration  allows 
administration  of  a  higher  F,o,,  because  less  flow  from  the 
source  tank  is  required  to  achieve  the  desired  NO  concen- 
tration. In  the  range  described,  an  NO  dose  of  80  ppm  can 
be  delivered  at  an  F|q^  of  0.90.  Higher  cylinder  concen- 
tradons  of  NO  require  less  frequent  cylinder  changes  and 
might  reduce  the  cost  of  INO  treatment  compared  with 
cylinders  of  low  NO  concentration.  However,  a  higher 
cylinder  concentration  increases  the  likelihood  of  injury  to 
the  patient  due  to  inadvertent  dosing  errors  (excessive  NO 
delivery)  and  injury  to  personnel  due  to  system  leaks. 

For  institutions  with  a  valid  U.S.  Food  and  Drug  Ad- 
ministration (FDA)  Investigational  New  Drug  number,  cyl- 
inders of  NO  produced  in  compliance  with  FDA  pharma- 
ceutical code  of  Good  Manufacturing  Practice  are  now 
provided  in  19  L  water  capacity  cylinders  containing  1963 
L  of  gas  at  2000  psig.  These  cylinders  contain  either  100 
or  800  ppm  of  NO  in  a  balance  of  nitrogen.  For  transport, 
"D"  cylinders  of  100  or  800  ppm  are  also  available.  The 
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Table  I .      Characteristics  of  a  Storage  Room  for  Nitric  Oxide 
Cylinders 

•  Well  ventilated  to  prevent  accumulation  of  NO  >  25  parts  per 
million  and  reduction  of  oxygen  concentration  <I8% 

•  A  means  of  securing  cylinders 

•  Temperature  conditions  below  120°  F 

•  A  means  of  securing  the  area  to  avoid  unauthorized  use 

•  Cylinders  should  be  transported  secured  to  a  cart  designed  for 
moving  cylinders 

•  Cylinders  should  not  be  transported  without  a  protective  cap 

•  Full  and  empty  cylinders  should  be  segregated 


NO  =  nitric  oxide.  (From  Reference  I 


^ilh  permission.) 


Compressed  Gas  Association  (CGA)  626  valve  outlet  has 
been  specifically  designated  for  medical  applications  of 
INO  to  prevent  inadvertent  connection  with  another  cyl- 
inder gas. 

Storage  and  transport  standards  for  NO/N2  cylinders  are 
governed  under  CGA  standards  for  any  medical  gas  cyl- 
inder (Table  1).  NO/N,  mixtures  do  not  support  combus- 
tion and  are  not  flammable.  Because  the  gas  is  oxygen-free 
(to  prevent  the  production  of  NOj),  NO/N2  mixtures  are 
classified  as  asphyxiating.  Accidental  cylinder  evacuation 
into  a  closed  space  (closet  or  storage  room)  poses  the  risk 
of  hypoxic  breathing  conditions  because  of  the  reduction 
in  ambient  oxygen  concentration.  Gas  storage  rooms  for 
NO/N2  cylinders  must  be  well  ventilated  to  maintain  an 
F,o,  >  0.18  in  the  case  of  a  cylinder  leak. 

Materials  compatible  with  NO  include  Teflon,  silicone, 
nickel,  aluminum,  and  stainless  steel.  Cylinder  pressure 
regulators  for  NO  are  constructed  from  stainless  steel.  In 
our  experience,  plastic  oxygen  delivery  tubing  and  rubber 
high-pressure  hoses  have  not  shown  signs  of  deterioration 
when  exposed  to  clinically  relevant  NO  concentrations. 
When  a  cylinder  regulator  is  attached  to  the  NO/Nj  cyl- 
inder, oxygen  in  the  regulator  mixes  with  NO,  creating 
NOj.  Between  uses,  NOj  may  also  accumulate  in  the  reg- 
ulator. Prior  to  connection  to  a  high  pressure  hose,  the 
regulator  should  be  adequately  purged.  This  can  be  ac- 
complished by  "cracking"  the  cylinder,  as  is  often  done  to 
remove  dust  and  debris  of  cylinder  outlets. 

One  concern  with  NO  delivery  through  humidified  sys- 
tems is  the  production  of  nitric  acid: 

2  NO  -f  O2  ->  2  NO, 

2  NO2  +  H2O  ^  2  HNO3  +  NO 

We  are  unaware  of  damage  to  any  respiratory  care  equip- 
ment due  from  exposure  to  NO,  NO,,  or  HNO3,  although 
this  has  been  suggested  as  a  possibility.'^  Krebs  et  al  mea- 
sured the  nitrate/nitrite  content  of  water  from  humidifiers 
used  in  ventilator  circuits  following  12  hours  of  NO  de- 
livery. They  reported  that  the  level  of  nitrates/nitrites  was 


"higher  than  the  amount  permitted  for  drinking  water."'" 
However,  they  did  not  provide  the  measured  concentra- 
tions. Westfelt  et  al  measured  the  pH  of  deionized  water 
washed  through  hygroscopic  heat  and  moisture  exchang- 
ers following  NO  delivery,  and  found  no  evidence  of  acid 
accumulation. '5  This  methodology  may  be  suspect,  be- 
cause the  media  of  these  devices  are  treated  by  a  salt 
(lithium  or  calcium  chloride). 

At  least  one  group  has  described  the  delivery  of  NO  to 
the  intensive  care  unit  (ICU)  via  a  pipeline  system,  similar 
to  that  used  for  air  and  oxygen.  Whiteley  et  al  used  a 
conventional  gas  supply  system  to  provide  NO  to  an  18- 
bed  unit.'*  The  authors  suggest  that  the  pipeline  may  pre- 
vent complications  secondary  to  exhaustion  of  cylinders, 
such  as  rebound  pulmonary  hypertension  and  hypoxemia. 
Whiteley  et  al  report  no  adverse  events  or  problems  with 
NO2  production  in  the  pipeline  system. 

Pinsky  et  al  have  described  the  inadvertent  delivery  of 
NO  at  therapeutic  doses  through  a  hospital's  air  system.'"' 
These  authors  measured  the  NO  level  in  the  hospital's 
compressed  air  system  over  a  period  of  days,  and  found 
that  NO  levels  varied  with  ambient  air  levels  (which  should 
be  expected)  and  exceeded  1  ppm  at  one  institution.  They 
also  reported  extremely  high  levels  (5-6.5  ppm)  over  a 
period  of  5  days,  associated  with  welding  near  the  air 
intake  of  the  compressed  gas  system.  To  our  knowledge, 
these  results  have  not  been  reproduced  at  other  institutions. 

Production  of  NO2 

From  a  safety  standpoint  the  most  important  consider- 
ation for  NO  delivery  systems  is  the  production  of  NO2. 
NO,  is  produced  spontaneously  from  the  reaction  of  NO 
and"O2.-'^-'0'*'^--5  Although  OSHA  has  set  safety  limits 
for  NO2  at  5  ppm,-"^  reports  of  airway  reactivity20-2<'-29  an^ 
parenchymal  lung  injury^"^-*"  have  been  reported  with  in- 
spired NO2  concentrations  of  <  2  ppm.  Based  on  this 
information,  NO  delivery  systems  should  maintain  NO2 
levels  as  low  as  possible,  with  <  1  ppm  appearing  to  be  an 
obtainable  goal.22  Because  NO2  is  an  atmospheric  pollut- 
ant, its  toxic  pulmonary  effects  have  been  investigated  in 
many  studies.^'  Animal  studies  evaluating  the  parenchy- 
mal effects  of  high  levels  of  NO2  (>  10  ppm)  have  re- 
ported pulmonary  edema,  hemorrhage,  changes  in  surface 
tension  properties  of  surfactant,  reduction  in  number  of 
alveoli,  and  death. '"■''--^'*  Other  studies  have  shown  that 
NO,  at  concentrations  as  low  as  2  ppm  produced  alveolar 
cell  hyperplasia,  altered  surfactant  hysteresis,  changes  in 
the  epithelium  of  the  terminal  bronchiole,  and  loss  of  cil- 
ia.''-'^ In  humans,  2.3  ppm  NO,  was  shown  to  affect  alve- 
olar permeability.^'  Several  studies  have  reported  increased 
airway  responsiveness  to  NO2  at  <  2  ppm.-'-'*-"  NO,  may 
remain  in  the  lungs  for  prolonged  periods  because  it  reacts 
with  water  to  produce  nitric  acid  and  undergoes  irrevers- 
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ible  reactive  absorption  by  the  pulmonary  epithelial  lining 
fluid.3**  Exhaled  NO2  therefore  may  not  be  a  sensitive 
indicator  of  toxic  pulmonary  levels.  Although  antioxidants 
present  in  the  lung  fluids  protect  normal  individuals  from 
the  effects  of  breathing  2  ppm  NOj,''  we  keep  the  NOj  as 
low  as  possible,  because  its  effects  in  an  injured  lung  (eg, 
acute  respiratory  distress  syndrome  [ARDS])  are  unknown. 
The  extent  of  conversion  of  NO  to  NOj  is  determined 
by  the  residence  time  of  NO  with  O2  and  is  accelerated  by 
increased  NO  concentration  and  high  Fio,-^**'**""-^^-^' 
The  conversion  rate  of  NO  to  NO,  is  determined  by  the  Oj 
concentration,  the  square  of  the  NO  concentration,  and  the 
residence  time  of  NO  with  Oj.  The  kinetics  of  this  rela- 
tionship are  described  in  the  following  equation i^o-^z 

-d[NO]/dr  =  k  •  [O^]  ■  [NO]2 

where  [NO]  is  the  NO  concentration,  [Oj]  is  the  oxygen 
concentration,  and  t  is  time.  Because  [Oj]  is  typically  much 
greater  than  [NO],  it  is  assumed  that  [Oj]  remains  con- 
stant. It  is  also  assumed  that  all  of  the  conversion  of  NO  is 
to  NO2.  Integration  of  the  latter  equation  yields: 

1/[N0J  -  l/[NOo]  =  k  ■  [O2]  •  t 

where  [NOJ  is  the  NO  concentration  after  a  residence  time 
t,  [NOq]  is  the  initial  NO  concentration,  [Oj]  is  the  Oj 
concentration,  and  k  is  the  rate  constant  for  conversion  of 
NO.  The  difference  between  [NO,]  and  [NO,,]  is  the  [NOj]. 
In  1963  Glasson  and  Tuesday  reported  the  value  of  k  as 
1.57X  10'''  ppm'^min"'  at  23°  C  and  one  atmosphere. 20 
This  rate  constant  was  determined  under  static  dry  condi- 
tions, however,  which  might  differ  from  dynamic  systems 
such  as  adult  mechanical  ventilation.  Nishimura  found  a 
rate  constant  of  1.46X  10'^  ppm'^min'  when  NO  was 
blended  with  N2  before  entering  the  ventilator  (Fig.  1),  and 
that  it  increased  eight-fold,  to  1 . 1 7  X  10'**  ppm'min' ' ,  when 
NO  was  blended  with  air  before  introduction  into  the  ven- 
tilator.22  Aida  et  al-**  found  that  the  rate  constant  was  smaller 
at  37°  C  than  at  25°  C,  but  that  it  was  not  affected  by 
humidity.  At  clinically  relevant  doses  (<  20  ppm),  the 
production  of  NOj  in  breathing  systems  becomes  consid- 
erably less  problematic  (see  Fig.  1). 

In  breathing  systems,  NOj  concentration  is  greater  with 
increased  NO  concentration,  higher  Fjo,,  or  lower  minute 
ventilation  Ve.'"' "-22.23  The  NO2  delivered  to  the  patient  is 
also  greater  for  ventilators  with  a  higher  internal  volume 
(eg,  Siemens  Servo  900C)  than  those  with  a  lower  internal 
volume  (eg,  Puritan  Bennett  7200ae),  because  the  higher 
internal  volume  increases  the  residence  time  between  NO 
and  02.22.^«-4i 

Losa  et  al  found  NO2  concentrations  of  up  to  3.5  ppm  at 
a  minute  ventilation  of  5.0  L/min,  F,o,  of  0.37,  and  NO  of 
50  ppm  using  the  Servo  QOOC.-^"  These  authors  suggested 
that  when  using  the  low  pressure  gas  inlet  of  the  Servo 
9(X)C,  the  factors  effecting  NO2  concentrations  include 


NO,  F,o,,  minute  volume,  and  total  gas  flow  into  the  ma- 
chine relative  to  minute  volume.  These  findings  support 
the  work  of  Nishimura  et  al,22  as  the  minute  volume  and 
total  gas  flow  conspire  to  alter  the  residence  time.  As 
minute  volume  falls,  gas  in  the  inspiratory  reservoir  of  the 
Servo  900C,  at  the  desired  working  pressure  (40-70  cm 
H2O),  produces  NO2  quickly  with  increasing  NO  and  F,q 
concentrations. 

Limiting  NO2  production  should  be  paramount  in  the 
design  of  any  NO  delivery  system.  Previous  work  suggests 
that  limiting  residence  time  and  using  the  lowest  effective 
NO  dose  are  2  simple  techniques  toward  achieving  this 
goal.  When  high  F|o,  and  high  NO  concentrations  are 
required,  mixing  NO  with  Nj,  as  opposed  to  compressed 
air,  can  also  be  useful  when  delivering  gases  prior  to  the 
ventilator.22 

Use  of  Absorbers/Scrubbers  to  Reduce  NOj 

Numerous  investigators  have  used  carbon  dioxide  (COj) 
absorbers  to  "scrub"  NO2  from  the  inspiratory  limb  of  the 
ventilator  circuit. '*'-'''2fi-*2-47  xhese  investigations  are  diffi- 
cult to  compare  because  of  the  differences  in  experimental 
protocols  and  types  of  absorbents.  Absorbents  commonly 
used  in  anesthesia  for  CO,  removal  vary  in  volume  and 
use  materials  including  calcium  dihydroxide,  sodium  hy- 
droxide, potassium  hydroxide,  potassium  permanganate, 
and  other  color  indicators.  The  components  of  these  ma- 
terials should  be  recorded  by  investigators  to  allow  com- 
parisons. 

Stenqvist  et  aW  evaluated  the  effectiveness  of  soda  lime 
to  absorb  NO2,  and  reported  that  3  ppm  NO2  decreased  to 
less  than  1  ppm  after  passing  through  the  absorber.  These 
authors  also  found  that  the  NO2  absorbing  properties  of 
soda  lime  lasted  approximately  72  hours.  Westfelt  et  al 
found  that  a  soda  lime  absorber  reduced  mean  NOj  values 
from  4.7  ppm  to  1.8  ppm.'"^ 

Weiman  et  al"*^  compared  3  kinds  of  absorbers,  and 
found  NO2  absorption  rates  of  15%  for  Sodasorb,  24%  for 
Dragersorb,  and  34%  for  Sofnolime.  The  material  with  the 
highest  potassium  hydroxide  (KOH)  content  had  the  great- 
est absorption  properties.  These  investigators  also  tested  2 
special  preparations  with  KOH  levels  of  3.0%  weight  per 
weight  and  7.3%  weight  per  weight.  They  found  that  NOj 
removal  rates  increased  to  44%  and  47%,  respectively. 
The  presence  of  excess  KOH  may  lead  to  caking  of  the 
absorbent  when  humidified  gases  are  used.  In  fact,  it  has 
been  reported  that  humidification  reduces  NO2  absorption 
by  soda  lime,''-^  but  this  may  be  due  to  an  increase  in  NO2 
production  because  of  the  added  dead  space  and  residence 
time  created  by  the  humidification  chamber.  Ishibe  et  al 
suggested  that  soda  lime  (Sodasorb  and  Wako  lime-A) 
was  capable  of  completely  eliminating  NO2  concentration 
up  to  40  ppm  from  the  inspiratory  limb.'*'*  They  also  found 
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Fig.  1.  Time  required  to  generate  2  ppm  NO2  using  rate  constant  published  by  Nishimura  et  al.22  Top.  NO  concentrations  up  to  80  ppm. 
Note  that  at  a  high  NO  concentration  very  little  time  is  required  to  generate  significant  NO2.  Bottom:  NO  concentrations  in  the  clinically 
relevant  range  up  to  20  ppm.  Note  that  when  the  NO  concentration  is  less  than  10  ppm  a  relatively  long  time  is  required  to  generate 
significant  NO2  concentrations.  (From  Reference  22,  with  permission.) 


equimolecular  reductions  in  NO,  but  only  in  the  presence 
of  NO2.  That  is,  if  NO2  was  reduced  by  4  ppm,  then  NO 
would  also  be  reduced  by  4  ppm.  Ishibe  et  al  concluded 
that  soda  lime  is  effective  in  eliminating  NO,,  but  that  NO 
monitoring  should  be  performed  downstream  from  the  ab- 
sorber to  account  for  the  NO  absorption. 

The  absorption  to  NO  and  NO2  by  soda  lime  may  re- 
quire the  combination  of  KOH,  calcium  hydroxide  (CaOH), 
and  sodium  hydroxide  (NaOH).  The  chemical  reaction  pro- 
posed by  Weimann  et  aH'  is: 

4N0  +  4NO2  +  4NaOH  +  2Ca(OH)  +  4  KOH  -^ 

2NaN02  +  2NaNO,  +  CaCNOj)  2  +  2KNO2  +  2KNO3 
+  4H2O 

The  use  of  a  soda  lime  canister  in  the  inspiratory  limb 
does  pose  several  potential  problems  during  mechanical 
ventilation.  These  include  increased  resistance  of  the  breath- 
ing circuit,  increased  risk  of  system  leaks  (because  of  more 


connection  sites),  increased  circuit  compressible  volume, 
more  difficulty  triggering  the  ventilator,  and  alteration  of 
inspiratory  flow  waveforms.  Charcoal  can  be  used  to  ab- 
sorb NO2,  but  it  also  absorbs  significant  amounts  of  NO.''^-'*^ 
Table  2  compares  the  data  on  use  of  absorbers  to  reduce 
NO-,  concentrations  in  the  ventilator  circuit.'" 


Effect  on  F 


102 


Introduction  into  the  ventilator  circuit  of  any  gas  that  is 
void  of  oxygen  will  diminish  the  F,o,.  This  is  true  of  NO, 
as  well  as  other  therapeutic  gases  such  as  helium.  The 
reduction  in  F,o^  is  a  function  of  the  NO  dose  delivered  to 
the  patient  and  the  NO  concentration  of  the  source  gas.  For 
example,  if  the  patient  dose  is  5  ppm  and  the  source  gas  is 
800  ppm,  then  the  F|q_  will  be  reduced  by  about  0.5%." 
Similarly,  systems  that  add  NO  distal  to  the  ventilator 
outlet  will  increase  the  W-^  by  about  0.5%  (for  volume 
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Table  2.      Comparison  of  Nitrogen  Dioxide  and  Nitric  Oxide  Absorption  Properties  of  Different  Materials  from  Published  Studies 


Absorber  Product 
(Reference  #) 

Concentration  (in  parts 
per  million) 

Absorption 
percentage 

F,o, 

Indicator 

Duration  of 
Exposure 

NO 

NO2 

NO 

NO2 

Sofnol  B.P.s 

1-2% 

1-2% 

NS 

NS 

NS 

Green-Brown 

3  min 

Q-Sorb« 

40 

0.8 

NS 

87.5 

0.5 

White-Violet 

NS 

Q-Sorb« 

20 

0.5 

15 

100 

1.0 

White-Violet 

NS 

Q-Sorb« 

40 

0.5 

NS 

100 

0.5 

White-Violet 

NS       • 

Q-Sorb« 

NS 

35 

NS 

98.6 

NS 

White-Violet 

NS 

Sofnolime'" 

40 

<  1 

80 

80 

0.78 

Green-Brown 

20  min 

Sofnolime*' 

40 

<  1 

4 

3 

0.78 

Pink-White 

20  min 

Sofnolime^o 

40 

<  1 

1 

0 

0.78 

White-Violet 

20  min 

Soda  lime*' 

80 

NS 

18 

100 

0.85 

White-Violet 

NS 

Sofnolime-'^' 

47 

3-3.5 

100 

100 

0.7 

Green-Brown 

30  min 

Sofnolime^' 

42 

3 

13 

84 

0.7 

Pink-White 

30  min 

Intersorb'' 

40-43 

3.1 

8 

100 

0.7 

White-Violet 

30  min 

Soda  Sorb«-« 

35 

4.1 

12 

100 

0.02 

White-Violet 

20  min 

Soda  Sorb«'52 

10 

31 

97 

100 

0.02 

White-Violet 

20  min 

Wako-Lime  A*» 

35 

6.1 

21 

100 

0.02 

White-Violet 

20  min 

Wako-Lime  A"" 

10 

30 

90 

100 

0.02 

White-Violet 

20  min 

Charcoal  Filter  633" 

SO 

10 

>99 

>99 

NS 

NA 

NS 

Soda  lime'-' 

60 

2.8 

>95 

100 

0.8 

Green-Brown 

NS 

Soda  lime^"* 

60 

2.8 

13-5 

>60 

0.8 

Pink-White 

NS 

Soda  lime5'» 

60 

2.8 

13-5 

>60 

0.8 

White-Violet 

NS 

Q-Sorb" 

100 

4.7 

7 

62 

0.9 

White-Violet 

72hrs 

Charcoal '5 

100 

4.7 

41 

77 

0.9 

NA 

72hrs 

Charcoal  +  Permasorb'*'' 

120 

NS 

100 

100 

0.86 

NA 

I2hrs 

Ca-A  zeolite"'^ 

70 

5 

>98 

>98 

NS 

NA 

24hrs 

Sofnolime"*' 

70 

5 

>90 

>90 

NS 

Green-Brown 

1  hr 

Sofnolime'"' 

70 

5 

10 

50 

NS 

Green-Brown 

24hrs 

ABEK  HgCONO-P3" 

55-70 

9-12 

99 

95 

1.0 

NA 

170  hrs 

Charcoal" 

86 

17.6 

0 

0 

1.0 

NA                  • 

NS 

DragerSorb"" 

86 

^  nol  specified;  NA 

17.6                       0 

=  not  applicable.  (Modified  from  Reference  49. 

17 

with  permission.) 

1.0 

Pink-White 

10-15  min 

F[02  ^  fraclion  of  inspired  oxygen;  NS  - 

ventilation)  at  this  dose  and  source  gas  concentration.  At  a 
dose  of  20  ppm  with  a  source  gas  of  800  ppm,  the  Fjq^  will 
be  reduced  by  2.5%,  so  the  highest  possible  F|o,  will  be 
0.975."  All  NO  delivery  systems  will  result  in  a  some 
reduction  in  F|o ,  but  the  clinical  consequences  of  these 
slight  reductions  in  F,o,  are  usually  insignificant  unless  a 
very  high  NO  dose  is  used  with  a  low  concentration  source 
gas  cylinder. 

From  a  practical  standpoint,  when  delivering  INO 
through  a  mechanical  ventilator,  the  respiratory  care  prac- 
titioner must  decide  how  F,q^  will  be  set  and  recorded.  If 
F,Q  is  set  to  0.6  and  the  addition  of  INO  reduces  F,o  to 
0.57,  the  clinician  can  record  the  measured  F,q  ,  record  the 
set  F,Q ,  or  increase  set  F,q  until  measured  F,q  reaches 
the  ordered  value.  We  believe  these  changes  in  inspired 
oxygen  are  insignificant  with  a  good  INO  delivery  device 
and  low  NO  dose,  but  these  practical  issues  need  to  be 
addressed  to  assure  uniform  practice. 


Environmental  Contamination  with 
NO/NO2  and  Scavenging 

There  are  concerns  regarding  contamination  of  the  en- 
vironment with  NO  and  NOj,  and  the  potential  for  adverse 
effects  on  health  care  providers.  The  OSHA  exposure  lim- 
its for  NO  (a  time-weighted  average  of  25  ppm  for  8  h  in 
the  workplace)  is  higher  than  the  typical  INO  dose  for 
ARDS  (^  20  ppm).  There  are  several  reports  investigating 
the  presence  of  NO/NOj  in  the  icu.'^'o.i^.so-ss 

Krebs  et  al  measured  NO  and  NOj  levels  during  NO 
delivery  using  the  Drager  and  Siemens  delivery  systems.'* 
They  positioned  a  funnel-shaped  connector  at  positions  10 
cm,  20  cm,  and  50  cm  from  the  ventilator  exhalation  valve, 
as  well  as  20  cm  lateral  to  the  patient's  head.  Monitoring 
was  accomplished  using  a  chemiluminescence  analyzer 
for  a  minimum  of  16  hours.  They  found  that  mean  NO 
concentrations  were  <  50  ppb  and  peak  concentrations 
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Table  3.      Calculation  of  Ambient  NO  Levels 


Room  volume  in  cubic  feet  X  air  exchanges  per  hour  X  concentration  of  NO  in 
tank  X  flow  rate  =  ambient  NO  concentration.  Example: 


Room  dimensions 
X  Air  exchanges  per  hour 
X  NO  concentration 
X  Flow  rale 
—  Ambient  concenu^ution 


10  ft  X  12  ft  X  8  ft 

6 

800  ppm  NO  (0.08%) 

250  L/h 

0.(K)012'/(,  or  about  1  ppm 


=  960  ft' 
=  5,760  ft'/h 
=  (163,123  L/h) 


situations,  when  expiratory  gases  must  be  scavenged,  ex- 
pired gas  can  be  scrubbed  from  the  gas  stream.  This  is 
accomplished  by  directing  gases  through  a  canister  of  po- 
tassium permanganate  (Purafil)  and  charcoal  to  remove 


Note  that  the  ambient  concentration  will  be  very  low  for  the  NO  doses  typically 
used  clinically  (ie,  s  20  ppm).  NO  =  nitric  oxide;  ppm  =  parts  per  million. 
(From  Reference  1 1.  with  permission.) 


were  <  100  ppb.  They  noted  that  when  continuous  flow  of 
INO  was  added  to  the  inspiratory  limb,  ambient  NO  levels 
were  higher  than  the  ventilator  systems  using  phased  in- 
spiratory injection. 

Mourgeon  et  al  monitored  NO  and  NO2  levels  in  an  ICU 
in  Paris  and  compared  those  values  with  those  measured 
near  a  Paris  traffic  circle. "^"^  They  also  observed  weather 
conditions  (eg,  cloud  cover)  and  recorded  the  days  during 
f  which  NO  was  and  was  not  used  in  the  ICU.  They  found 
I  that  the  ambient  NO  and  NO,  levels  in  that  ICU  were 
[       "entirely  dependent  on  outdoor  concentrations."'^'^ 

Most  modern  ICU  environments  require  a  certain  num- 
ber of  room  air  exchanges  per  hour  for  climate  and  infec- 
tion control,  as  well  as  patient  comfort.  If  room  air  ex- 
changes are  maintained  at  >  6  per  hour,  ambient  NO 
levels  should  remain  very  low.  Table  3  provides  a  method 
for  estimating  NO  concentrations  in  the  environment  based 
on  certain  known  variables.  It  has  been  our  experience  that 
ambient  NO  levels  are  very  low  (<  0.25  ppm)  during  INO 
administration,  with  or  without  .scavenging.  Figure  2  de- 
picts room  NO  and  NO,  concentrations  one  hour  follow- 
ing release  of  100  ppm  of  NO  into  a  room  at  8  L/min." 
This  example  represents  a  worse  case  scenario,  yet  both 
gases  remain  at  levels  <  150  ppb. 

If  scavenging  is  used,  it  is  important  that  it  is  con- 
structed so  that  it  does  not  affect  expiratory  resistance  or 
the  function  of  the  ventilator.  It  should  be  recognized  that 
.scavenging  gases  from  the  expiratory  port  of  the  ventilator 
does  not  completely  eliminate  ambient  contamination,  be- 
cause the  ventilator  may  leak  gas  (containing  NO)  inter- 
nally as  part  of  normal  function.  Scavenging  is  typically 
accomplished  by  connecting  a  volume  of  aerosol  tubing  to 
the  exhalation  valve  exhaust  port  and  aspirating  gases  into 
the  hospital  vacuum  system.  In  this  situation,  the  tubing 
acts  like  a  reservoir  to  collect  expired  gases  during  phasic 
exhalation.  We  would  caution  that  use  of  reservoir  bags  in 
the  scavenging  system  can  be  dangerous.  Humidity  can 
collect  in  closed  systems,  increasing  expiratory  resistance, 
or,  if  suction  flow  exceeds  expiratory  flow,  negative  pres- 
sure can  be  applied  to  the  exhalation  valve.  In  unusual 


both  NO  and  N02.^'* 


Ideal  NO  Delivery  System 

Early  INO  delivery  systems  were  constructed  from  avail- 
able equipment  and  used  in  a  number  of  investigational 
protocols  involving  patients  and  experimental  animals  (Fig. 
3).  Some  of  these  homemade  systems  have  functioned 
well  and  others  may  pose  hazards  due  to  unstable  and 
unpredictable  NO  delivery  and  NO,  production.  Several 
problems  can  complicate  NO  delivery  if  not  recognized  by 
the  system  architects.  Mixing  of  gas  in  the  inspiratory  limb 
can  be  incomplete  and  NO  concentrations  greater  than  the 
calculated  dose  can  be  administered.  Streaming  of  NO  in 
the  inspiratory  limb  can  occur  because  NO's  density  and 
viscosity  are  different  than  the  other  inspired  gases.  The 
calculated  NO  concentration  may  also  vary  with  changes 
in  mode  of  ventilation,  inspiratory  flow  pattern,  minute 
ventilation,  or  F,q  .  Mode  of  ventilation  is  particulariy  a 
problem  in  intermittent  mandatory  ventilation  and  pres- 
sure support,  because  V^  and  flows  change  dramatically 
from  breath  to  breath.  Volume  control  breaths  with  a  con- 
stant flow  allow  for  fairiy  steady  concentrations  of  INO. 
However,  pressure  control  breaths  or  volume  control 
breaths  with  a  descending  flow  waveform  present  a  much 
more  difficult  task.  The  slow-response  NO  analyzers  that 
are  typically  used  clinically  make  it  impossible  to  detect 
changes  in  NO  concentration  during  the  ventilatory  cycle. 
Because  investigators  have  used  different  delivery  systems 
and  analysis  methods,  it  is  difficult  to  determine  the  actual 
dose  administered  to  the  patient  in  many  instances.  This 
makes  interpretation  of  dose-response  studies  arduous.  To 
avoid  complications  due  to  inaccurate  dosing,  NO  delivery 
systems  should  provide  a  precise  concentration  regardless 
of  ventilator  mode,  breath  type,  or  alterations  in  inspira- 
tory flow. 

We  believe  that  the  following  are  important  consider- 
ations when  building  a  system  for  delivery  of  INO."-'**'-'' 

•  Dependability  and  safety.  INO  is  used  for  critically  ill 
patients.  Complex  systems  will  more  likely  permit  errors 
that  could  compromise  ventilation,  oxygenation,  or  deliv- 
ery of  the  correct  NO  dose.  The  function  of  NO  delivery 
systems  must  be  thoroughly  evaluated  in  the  laboratory 
prior  to  patient  use. 

•  Precise  and  stable  NO  dose  delivery.  It  is  important  to 
deliver  a  precise  and  stable  dose  to  avoid  complications 
associated  with  INO.  The  dose  should  not  vary  with  changes 
in  ventilatory  pattern  or  F|o,. 
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150 


time  (min) 

Fig.  2.  Ambient  NO  and  NO2  levels  for  one  hour  with  100  ppm  NO  delivered  into  an  ICU  room  at  8  LVmin.  Note  that  concentration  readings 
are  in  parts  per  billion.  NO  and  NO2  measured  by  chemiluminescence  10  ft  from  NO  flow.  Note  that  ambient  NO  and  NO2  levels  remain  low 
without  scavenging  other  than  the  usual  room  ventilation.  (From  Reference  11,  with  permission.) 


•  Limit  NO2  production.  For  reasons  provided  above, 
our  clinical  goal  is  to  maintain  NOj  as  low  as  possible. 

•  NO  and  NOj  monitoring.  It  is  important  to  directly 
monitor  INO.  It  is  also  necessary  to  monitor  NO2  becau.se 
of  its  potentially  injurious  effects. 

•  Permit  scavenging  of  NO.  Although  current  investi- 
gations suggest  that  NO  scavenging  is  unnecessary,  these 
systems  can  be  adapted  easily  and  cheaply  if  required. 

•  Maintain  proper  ventilator  function.  Care  must  be  taken 
to  assure  that  adapting  the  ventilator  to  deliver  NO  does 
not  affect  adversely  the  ventilator's  operation.  In  particu- 
lar, the  alarm  systems  should  not  be  affected.  The  addition 
of  NO  will  lower  the  F,o,,  and  for  that  reason  O2  concen- 
tration should  be  monitored  downstream  from  the  point  of 
NO  titration  into  the  system  (note  that  it  is  impossible  to 
deliver  100%  Oj  during  INO  therapy).  Though  there  has 
been  concern  regarding  the  effect  of  NO  on  the  internal 
components  of  ventilators,  blenders,  and  flow  meters  that 
are  exposed  to  NO,  after  thousands  of  hours  of  INO  de- 
livery we  have  not  detected  any  damage  to  or  malfunction 
of  equipment  related  to  NO  exposure. 

On  November  22,  1996,  the  FDA  proposed  that  NO 
administration  devices,  NO  analyzers,  and  NO,  analyzers 
be  classified  as  Class  II  devices  for  purposes  of  regulation. 
At  that  time,  risks  and  special  controls  for  NO  adminis- 
tration apparatus  were  proposed  (Table  4).  The  American 
Society  for  Testing  and  Materials  has  also  recently  begun 
a  project  to  develop  standards  for  NO  delivery  devices. 


Delivery  Systems  for  Adult  Mechanical  Ventilators 
Continuous  Injection  into  the  Inspiratory  Limb  (ci) 

A  simple  method  of  INO  delivery  is  continuous  admin- 
istration into  the  inspiratory  limb  of  the  ventilator  cir- 
cyjf  24.60-77  jj^g  mean  NO  concentration  delivered  to  the 
patient  is  estimated  from  the  NO  flow  and  the  minute 
ventilation^'-^^""*: 

desired  [NO]  =  (NO  flow  X  [NO]source)A'E 

This  type  of  NO  delivery  system  is  adequate  for  pedi- 
atric continuous  flow  ventilators,  but  is  not  recommend  for 
use  with  adult  ventilators.  The  phasic  flow  during  adult 
mechanical  ventilation  and  use  of  either  no  flow  during 
expiration  or  low  level  continuous  flow  for  triggering  caus- 
esc(  systems  to  produce  varying,  unpredictable  NO  con- 
cen-trations.  One  problem  with  ci  is  that  the  inspiratory 
limb  of  the  ventilator  circuit  can  fill  with  NO  during  the 
expiratory  phase.  If  the  inspiratory  limb  fills  with  NO,  the 
subsequent  inspiration  will  deliver  a  large  bolus  of  NO 
during  the  initial  portion  of  each  breath  (Fig.  4).^*  The 
degree  of  underestimation  of  the  calculated  dose  with  the 
ci  delivery  system  is  a  function  of  the  expiratory  time. 
When  expiratory  time  is  short,  the  delivered  NO  concen- 
tration is  lower  because  there  is  less  time  for  the  inspira- 
tory limb  to  fill  with  NO.  This  method  results  in  an  in- 
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spired  NO  concentration  that  may  be  more  than  double  the 
intended  dose. ^ '"'-''- s' 

NO  dehvery  using  continuous  injection  is  also  affected 
by  the  inspiratory  flow  waveform,  minute  ventilation,  and 
by  the  site  at  which  NO  is  titrated  into  the  circuit.  Con- 
tinuous injection  will  not  deliver  a  stable  dose  with  ven- 
tilatory modes  such  as  pressure  support  ventilation  or  syn- 
chronized intermittent  mandatory  ventilation  in  which  Vj 
and  inspiratory  time  (T,)  vary  from  breath  to  breath  (Fig. 
5)  71.75.77.78.S2  injection  of  additional  gas  into  the  circuit 
also  augments  V^  during  either  volume  or  pressure  control 
ventilation.**^  Ventilator  triggering  can  also  be  adversely 
affected  by  continuous  injection.  This  is  particularly  true 
of  flow-triggering  systems.**-*  To  deliver  a  more  stable  NO 
concentration  with  continuous  injection  into  the  inspira- 
tory limb,  mixing  chambers  can  be  used.^'^'' ''^  However, 
a  mixing  chamber  in  the  inspiratory  limb  will  affect  com- 
pressible volume  (reducing  delivered  V^)  and  may  act  as 
a  site  of  NO^  production. 

Westfelt  et  al  recommend  that  the  mixing  chamber  have 
a  volume  greater  than  the  Vj,  in  order  to  stabilize  deliv- 
ered NO  concentrations.''''  At  a  respiratory  rate  of  10 
breaths/min  they  found  an  increases  in  NOi  of  50— 150% 
(typically  from  =»  0.5  ppm  to  «=  1.2  ppm)  when  using  an 
inspiratory  mixing  chamber.  Sydow  et  aF'  found  an  NOt 


increase  of  approximately  30%  in  both  volume  control  and 
pressure  control  ventilation  with  the  addition  of  a  mixing 
chamber.  These  authors  did  not  evaluate  performance  with 
pressure  support  or  intermittent  mandatory  ventilation. 

Systems  that  inject  a  continuous  flow  of  NO  into  the 
inspiratory  circuit  are  of  particular  concern  during  clinical 
use  because  the  inspiratory  circuit  can  fill  with  Oj-defi- 
cient  gas  during  the  expiratory  phase.  Tibballs  et  aF'^  de- 
termined that  under  certain  conditions  this  may  cause  the 
patient  to  receive  a  hypoxic  gas  mixture  during  the  sub- 
sequent breath.  For  example,  using  an  800  ppm  NO  source 
and  an  NO  flow  of  300  mL/min  (to  produce  an  average 
[NO]  of  20  ppm  with  a  V^  of  1 2  L/min),  the  total  NO  flow 
during  a  5-second  period  (respiratory  rate  12  breaths  per 
min)  is  25  mL.  At  a  Vy  of  300  mL,  this  results  in  an  8% 
reduction  in  F,q^.  If  the  expiratory  time  is  30  seconds  (near 
apnea)  and  the  subsequent  V^-  is  300  mL,  then  the  F,o,  is 
reduced  by  50%." 

Inspiratory  Phase  Injection  into  the 
Inspiratory  Limb  (n) 

NO  may  be  injected  into  the  ventilator  circuit  at  a  con- 
stant flow,  but  only  during  the  inspiratory  phase.'*''  **'^  The 
delivered  NO  concentration  is  calculated  from  the  source 


Wall  Air 


patient 


Fig.  3.  Schematic  representation  of  a  ventilator  system  illustrating  the  various  points  at  which  NO  can  be  introduced. '^  The  premixing 
system  (pre)  introduces  NO  into  the  high  pressure  air  inlet  of  the  ventilator.  NO  can  also  be  introduced  into  the  inspiratory  limb  of  the 
ventilator  circuit  (I)  or  at  the  Y-Piece  (y).  This  injection  can  occur  either  throughout  the  ventilatory  cycle  or  electronically  coupled  to  the 
ventilator  so  that  flow  occurs  only  during  the  inspiratory  phase.  Wall  suction  is  used  to  scavenge  expired  NO,  which  may  be  unnecessary 
if  low  NO  doses  are  used.  (From  Reference  78,  with  permission.) 
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Table  4.      Risks  and  Special  Controls  for  NO  Delivery  Systems,  as 
Proposed  by  the  Food  and  Drug  Administration  on 
November  22,  1996 


Risks: 


Special  Controls; 


Loss  of  NO  therapy  and  incorrect  NO 

concentration 

Adverse  effects  on  ventilator  function 

Excessive  NO2  administration 

Catastrophic  release  of  NO 

Alteration  of  the  NO  or  respiratory  gas 

Electrical  hazard 

Adverse  effect  on  other  electronic  devices  via 

electromagnetic  emission 

Reserve  (backup)  NO  delivery  system 

NO  and  NOt  gas  analysis  device  with  alarms 

Cylinder  pressure  gauge 

Battery  backup  power 

Specification  and  testing  for  accuracy  and  stability 

of  NO  delivery 

Specification  and  testing  for  NO  concentration 

profile  within  a  breath 

Gas-specific  connectors  with  integral  check  valve 

Standards:  software  and  hardware  documentation. 

electromagnetic  compatibility  documentation, 

resistance  to  environmental  effects  on  the  device 

Identification  of  compatible  ventilators  and  other 

respiratory  gas  systems 

Oxygen  gas  analyzer 

Specifications  and  testing  for  NO2  production 

Design  and  testing  for  NOi  concentration  profile 

within  a  breath 

Testing  and  instruction  for  flushing  the  device 

Limiting  the  total  quantity  of  NO  subject  to 

catastrophic  release 

Testing  for  adulterations  from  use  of  the  device 

Electrical  safety  (leakage  current  testing) 

Electromagnetic  compatibility  documentation 


NO  =  nitric  oxide;  NOt 
permission.) 


nitrogen  dioxide.  (From  Reference  11,  with 


gas  concentration  and  inspiratory  flow  using  the  following 
formulafto.Ts.M. 


[NO]  calculated 


([NO]  source  X  NO  flow  X  %TI)/ 

(a) 


where  %TI  is  the  percent  of  the  ventilatory  cycle  that 
the  ventilator  is  in  inspiration,  and  Vg  is  the  minute  ven- 
tilation. This  is  mathematically  equivalent  to: 

[NO]  calculated  =  ([NO]  source  X  NO  flow)/( ventila- 
tor inspiratory  flow  +  NO  flow)  (b) 

Formula  (a)  can  be  used  for  variable  inspiratory  flows 
(eg,  pressure  control  ventilation),  whereas  Formula  (b)  can 
be  used  for  constant  inspiratory  flows  (eg,  volume  control 
ventilation).  This  method  has  been  accomplished  by  using 
a  nebulizer  drive  mechanism  that  operates  during  inspira- 


Volume  Control  Ventilation 
Ti  =  1  »  T|  =  2  • 


Pressure  Control  Ventilation 

T,  =  1s  T|  =  2s 
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Fig.  4.  NO  delivery  patterns  with  five  systems.'^  The  peaks  repre- 
sent inspirations.  The  target  NO  concentration  is  20  ppm  in  all 
cases.  Note  that  only  the  premixing  system  (pre)  delivers  a  con- 
stant NO  dose  regardless  of  the  ventilatory  pattern.  Also  note  the 
very  high  spikes  of  NO  with  some  delivery  systems,  pre  =  pre- 
mixing; ii  =  inspiratory  injection  Into  the  inspiratory  circuit;  iy  = 
Inspiratory  injection  at  the  Y-piece;  cl  =  continuous  injection  Into 
the  inspiratory  circuit;  cy  =  continuous  Injection  into  the  Y-piece. 
(From  Reference  78,  with  permission.) 


tion.  The  gas  supply  to  the  nebulizer  contains  the  NO 
required  to  achieve  the  desired  patient  dose  after  mixing 
with  gas  delivered  from  the  ventilator.  Because  the  gas 
flow  from  the  nebulizer  is  constant  during  inspiration,  this 
method  will  only  deliver  a  constant  NO  dose  with  constant 
flow  ventilation.^'*  However,  individual  ventilator  nebu- 
lizer systems  function  differently  and  a  given  ventilator 
will  deliver  a  varying  flow  with  changes  in  flow  pattern. 
Injection  during  the  inspiratory  phase  with  a  constant  flow 
does  not  deliver  a  constant  NO  dose  during  pressure  con- 
trol (see  Fig.  4).  This  system  also  augments  Vy  delivery 
from  the  ventilator  and  decreases  the  F,q^. 

The  major  benefit  of  the  inspiratory  injection  method  is 
minimizing  NO2  production  (because  the  residence  time 
of  NO  with  O2  is  minimized).  However,  this  method  does 
not  allow  precise  control  of  the  inspired  NO  concentration, 
and  is  only  available  with  a  few  ventilator  systems.  For 
this  method  to  be  acceptable,  flow  from  the  ventilator  must 
be  continuously  and  precisely  measured,  and  the  injected 
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Fig.  5.  NO  delivery  with  five  systems  during  synchronized  inter- 
mittent mandatory  ventilation  (SIMV)  and  pressure  support  venti- 
lation (PSV)/**  The  peaks  represent  inspirations.  The  first  and  third 
breathsduring  synchronized  intermittent  mandatory  ventilation  rep- 
resent mandatory  breaths.  Note  that  only  the  premixing  system 
provides  a  constant  NO  dose  w/ith  changes  in  ventilatory  pattern. 
pre  =  premixing;  ii  =  inspiratory  injection  into  the  inspiratory  cir- 
cuit; iy  =  inspiratory  injection  at  the  Y-piece;  ci  =  continuous 
injection  into  the  inspiratory  circuit;  cy  =  continuous  injection  into 
the  Y-piece.  (From  Reference  78,  with  permission.) 


dose  of  NO  must  be  precisely  titrated  so  that  the  delivered 
NO  and  inspiratory  flow  waveform  are  not  affected.*^' 

A  ca.se  of  severe  methemoglobinemia  (67%  metHb)  has 
been  reported  using  this  delivery  system.''-  This  methemo- 
globinemia was  attributed  to  very  high  delivered  NO  con- 
centrations resulting  from  a  fixed  NO  injection  flow,  while 
the  ventilator  T,  and  V,  were  variable  (the  patient  was  in 
the  pressure  support  mode).  Due  to  the  relatively  slow 
response  time  of  the  NO  analyzer,  these  variable  high 
doses  were  not  detected. 

Continuous  Injection  into  the  Y-Piece  {cy) 

In  an  effort  to  reduce  NO2  formation,  several  authors 
have  suggested  introducing  NO  at  the  Y-piece  of  the  ven- 
tilator circuit.'^*''*2-w  7his  reduces  NO/O,  residence  time. 
If  NO  is  continuously  added  at  the  Y-piece,  the  inspiratory 
circuit  will  not  fill  with  NO  during  the  expiratory  phase. 


Instead,  the  NO  bleeds  out  the  expiratory  limb  of  the  ven- 
tilator during  expiration.  Perhaps  more  importantly,  con- 
tinuous injection  at  the  Y-piece  prevents  the  accurate  mea- 
surement of  inspired  NO  concentration  and  the  dose  can 
only  be  approximated  by  mathematical  calculation.  This 
system  suffers  many  of  the  same  limitations  of  NO  titra- 
tion into  the  inspiratory  circuit,  specifically,  augmentation 
of  Vj,  reduction  in  F|o,,  decreased  ability  to  trigger  the 
ventilator,  and  changes  in  delivered  NO  dose  with  changes 
in  inspiratory  flow  and  minute  ventilation  (see  Figs.  4  and 
5).  Using  this  INO  delivery  technique,  errors  of  up  to 
322%  in  delivered  INO  have  been  identified  at  an  inspi- 
ration-expiration ratio  of  1 :4.''' 

Inspiratory  Phase  Injection  into  the  Y-Piece  {iy) 

Inspiratory  phase  injection  delivers  NO  at  a  constant 
flow  into  the  Y-piece  during  the  inspiratory  phase.'**-'''' 
This  system  functions  well  when  inspiratory  flow  and 
minute  ventilation  are  constant.  However,  when  inspira- 
tory flow  is  not  constant  (eg,  pressure  control  ventilation) 
or  minute  ventilation  varies  (eg,  synchronized  intermittent 
mandatory  ventilation  or  pressure  control  ventilation),  the 
delivered  NO  concentration  is  variable  and  unpredictable 
(see  Figs.  4  and  S).""-^**  Like  the  system  that  injects  NO 
into  the  inspiratory  circuit,  F,o  and  V^  are  augmented  by 
the  NO  gas  flow. 

Tracheal  Injection 

Another  method  for  administration  of  a  constant  flow  of 
INO  i  s  by  way  of  an  endotracheal  tube  into  the  trachea.  1  o<'- 1 0 ' 
Problems  associated  with  this  method  are  similar  to  titra- 
tion at  the  Y-piece.  In  addition,  we  believe  that  this  method 
is  dangerous.  During  apnea,  Oj-free  NO  gas  would  continue 
to  flow  into  the  trachea,  and  quickly  produce  hypoxia. 

Premixing  System  {pre) 

Many  papers  have  described  systems  to  administer  INO 
to  adult  mechanically  ventilated  patients  by  premixing  the 
NO  with  Nj  (or  air)  and  introducing  the  mixture  proximal 
to  the  gas  inlet  of  the  ventilator.2'«TO.79.82.96.io2-iio  xhese 

systems  typically  add  the  Oj/Nj/NO  gas  mixture  to  the  low 
flow  inlet  of  the  Siemens  Servo  900C  ventilator  or  the  high 
pressure  air  or  O,  inlet  of  a  ventilator  such  as  the  Puritan 
Bennett  72()0  ventilator.  We  have  also  successfully  delivered 
NO  in  this  manner  via  a  Driiger  Evita  4.  A  multicenter,  dou- 
ble blind,  placebo-controlled  study  of  the  use  of  INO  for  the 
treatment  of  ARCS  used  a  low  pressure  premixing 
system. '"The  premixing  NO  system  maintains  a  constant 
and  predictable  INO  concentration  regardless  of  changes  in 
ventilatory  pattern  (see  Figs.  4  and  5).'"* 
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Fig.  6.  NO  delivery  system  used  for  mechanically  ventilated  adult 
patients  at  the  Massachusetts  General  Hospital.  NO  (800  ppm)  is 
mixed  with  N2  (or  air)  and  introduced  into  the  air  inlet  of  the  ven- 
tilator (Puritan-Bennett  7200).  The  external  blender  setting  and 
ventilator  F|Oj  setting  determine  the  delivered  NO.  NO,  NO2,  and 
O2  are  measured  at  the  ventilator  outlet.  (From  Reference  1 1 ,  with 
permission.) 


Hess  and  colleagues  have  designed  a  pre-mixing  system 
using  the  Puritan-Bennett  7200  ventilator  to  deliver  INO 
to  nearly  200  patients  (Fig.  ej.^zsess.vs  Using  an  air/Oj 
blender,  NO  (eg,  800  ppm)  is  added  to  the  O2  inlet  of  the 
blender  and  Nj  or  air  is  added  to  the  air  inlet  of  the  blender. 
The  choice  of  air  or  Nj  as  the  diluent  is  determined  by  the 
extent  of  NO2  production.  NO  must  be  mixed  with  Nj 
when  high  NO  doses  (>  20  ppm),  high  F,o,  (eg,  >  0.90), 
or  low  minute  ventilation  are  required. ^^  The  gas  mixture 
leaving  the  blender  is  delivered  to  the  high  pressure  air 
inlet  of  the  ventilator.  The  final  NO  delivered  to  the  patient 
is  determined  by  the  F,o,  setting  on  the  external  blender 
and  the  F,o,  setting  of  the  ventilator.  Tables  5  and  6  show 
nomograms  to  assist  in  determining  initial  set  points  for 
the  blender  and  flow  meter  settings  to  achieve  the  desired 
INO  concentration.  The  actual  dose  should  be  confirmed 
by  direct  measurement.  F,o,  should  also  be  measured  to 
determine  the  effect  of  NO/Nj  dilution  on  delivered  F,q  . 

It  has  been  our  experience,  and  that  of  other  researchers, 
that  air/02  blenders  do  not  always  deliver  a  precise  NO 
concentration.  "2  This  is  particularly  problematic  when  2 
or  more  blenders  are  used  in  series,  which  can  result  in 
flow  from  one  of  the  blenders  that  is  less  than  that  required 
for  accurate  gas  mixing.  Additionally,  the  precision  of  a 
blender  is  best  at  an  indicated  F,o,  of  0.60,  and  worst  at 
extremes  of  the  spectrum  (F,o,  ranges  between  0.22-0.30 
and  0.90-0.99)  Although  multiple  blenders  in  series  can 
be  used  to  deliver  the  desired  dose,  we  have  found  such 
systems  to  be  unnecessarily  complex.  Blenders  require  a 
minimum  flow  output  of  15  L/min  to  be  accurate.  To 
achieve  this,  the  blender  may  bleed  gas  into  the  room, 
contributing  to  ambient  contamination  with  NO.  By  their 
design,  it  is  not  possible  to  completely  stop  flow  from 
either  gas  in  the  blender.  In  other  words,  a  small  amount 


(as  much  as  2  ppm  in  our  experience)  of  NO  is  delivered 
with  the  blender  set  at  an  F,o,  of  0.2 1 .  This  creates  the 
illusion  that  NO  therapy  has  been  discontinued,  which  can 
result  in  rebound  hypoxemia  and  pulmonary  hypertension 
when  the  NO  delivery  system  is  disconnected  from  the 
ventilator.  It  should  also  be  recognized  that  most  of  the 
NO2  in  the  delivery  system  is  produced  in  the  high  pres- 
sure hoses,  which  may  be  problematic  when  multiple  blend- 
ers are  used  in  series.  Regardless  of  their  configuration, 
the  high  pressure  hoses  in  the  NO  delivery  system  should 
be  kept  as  short  as  possible  to  limit  NO2  production. 

Premixing  before  the  ventilator  has  the  advantage  of 
delivering  a  constant  NO  dose  throughout  inspiration,  that 
is  not  affected  by  changes  in  minute  ventilation  or  inspira- 
tory flow  pattern.  One  disadvantage  of  this  system  is  the 
potential  for  greater  NOj  production  with  ventilators  that 
have  large  internal  volumes. -^  Although  with  this  system 
there  is  a  potential  for  damage  to  the  blender  and  ventilator 
due  to  the  NO,  we  have  not  detected  any  damage,  even 
after  thousands  of  hours  of  INO  therapy.  Another  potential 
disadvantage  of  this  system  is  that  the  INO  dose  will  change 
when  the  ventilator  Fjq^  setting  is  changed.  However,  it  is 
easy  to  compensate  for  this  by  adjusting  the  setting  on  the 
external  blender.  Clinicians  should  be  aware  of  the  effects 
(on  both  NO  dose  and  F|qJ  of  changing  the  Fjo,  setting. 

Another  potential  issue  with  this  system  is  the  effect  of 
nebulized  medications.  Depending  on  how  this  is  accom- 
plished, the  nebulizer  may  affect  the  delivered  INO  dose 
(even  for  systems  that  power  the  nebulizer  from  the  ven- 
tilator). The  Puritan  Bennett  7200  is  a  good  example.  If 
Fio,  is  <  0.60  the  nebulizer  is  powered  by  air.  If  F|q^  is  > 
0.60,  the  nebulizer  is  powered  by  oxygen.  When  using  a 
premixing  system  at  an  F|q^  <  0.60,  operation  of  the  neb- 
ulizer will  result  in  a  bolus  of  NO  from  the  air  source  of 
the  ventilator  (which  contains  NO  at  a  much  higher  con- 
centration than  is  supposed  to  be  delivered  to  the  patient). 
The  nebulizer  function  should  not  be  used  in  this  situation. 

Delivery  Systems  for  Pediatric 
Mechanical  Ventilation 

For  continuous  flow  ventilators  such  as  those  used  in  pe- 
diatrics (including  high  frequency  oscillators),  NO  can  be 
titrated  into  the  inspiratory  limb  of  the  ventilator  circuit  using 
the  continuous  injection  method  (Fig.  7).58.7o.72,85.ioi, 113-124 
Ideally  NO  should  be  titrated  into  the  system  near  the  venti- 
lator outlet  to  ensure  adequate  mixing,  and  F,q^  should  be 
measured  downstream  of  the  point  that  NO  is  injected  into 
the  system.  By  introducing  NO  prior  to  the  humidifier,  mix- 
ing is  enhanced.  Monitoring  lines  should  be  near  the  Y-piece, 
though  not  in  a  position  to  be  contaminated  by  expiratory 
gases.  NO2  production  is  relatively  low  because  the  residence 
time  in  the  system  is  short.  The  expected  NO  can  be  calcu- 
lated as: 
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Table  5. 

Nomogram  to  Determine  External  Blender  Setting  to  Achieve  Approximate  Delivered  INO  Concentration 

F,c., 

External  Blender  Setting  (800  ppm  Source  Gas) 

Setting 

100           90           80           70            60            50           40           30           29           28           27           26 

25 

24 

23 

22 

0.90 
0.80 
0.70 
0.60 
0.50 
0.40 
0.30 
0.21 


101 


88 


76 


63 


50 

37 

24 

12 

10 

9 

8 

6 

5 

4 

3 

1 

100 

74 

49 

23 

21 

18 

15 

13 

10 

8 

5 

3 

73 

35 

31 

27 

23 

19 

15 

12 

8 

4 

97 

46 

41 

36 

31 

26 

21 

15 

10 

5 

58 

51 

45 

38 

32 

26 

19 

13 

6 

69 

62 

54 

46 

38 

31 

23 

15 

8 

81 

72 

63 

54 

45 

36 

27 

18 

9 

91 

81 

71 

61 

51 

41 

30 

20 

10 

Notes:  800  parls  per  million  (ppm)  nitric  oxide  (NO)  added  to  Oi  inlet  of  external  blender  and  Ni  (or  air)  added  to  air  inlet  of  external  blender.  Outlet  of  external  blender  leads  to  air  inlet  of 
ventilator.  The  actual  delivered  dose  must  always  be  conHrmed  by  analysis.  The  numbers  in  the  body  of  the  table  represent  approximate  delivered  NO  concentration.  This  nomogram  has  been  used 
succes-sfully  at  Massachusetts  General  Hospital  since  1993  in  conjunction  with  a  Puritan  Bennett  7200  Ventilator  and  Bird  Blender.  For  NO  source  gas  concentrations  other  than  800  ppm,  appropriate 
mathematical  adjustments  can  be  easily  made  to  the  target  doses  in  the  btxly  of  the  Table.  For  example,  if  a  400  ppm  source  gas  cylinder  is  used,  the  target  do.ses  in  the  body  of  this  table  should  be 
divided  in  half.  Fkj,  =  fraction  of  inspired  oxygen.  (From  Reference  1 1,  with  permission,) 


Table  6.       Nomogram  to  Determine  Flowmeter  Setting  to  Achieve  Approximate  Delivered  INO  Concentration 


Flow 

Rate 

(L/min) 

NO  Flow  (800  ppm 

Source  Gas) 

1.75      1.50 

1.25 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.18 

0.15 

0.13 

0.10 

0.08 

0.05 

0.03 

16.0 

79         69 

58 

47 

43 

38 

34 

29 

24 

20 

15 

10 

9 

7 

6 

5 

4 

2 

1 

15.0 

73 

62 

50 

45 

41 

36 

31 

26 

21 

16 

11 

9 

8 

7 

5 

4 

3 

1 

14.0 

77 

66 

53 

48 

43 

38 

33 

28 

22 

17 

11 

10 

8 

7 

6 

4 

3 

1 

13.0 

70 

57 

52 

46 

41 

35 

30 

24 

18 

12 

11 

9 

8 

6 

5 

3 

2 

12.0 

75 

62 

56 

50 

44 

38 

32 

26 

20 

13 

11 

10 

8 

7 

5 

3 

2 

11.0 

82 

67 

61 

54 

48 

41 

35 

28 

21 

14 

13 

11 

9 

7 

5 

4 

2 

10.0 

73 

66 

59 

52 

45 

38 

31 

23 

16 

14 

12 

10 

8 

6 

4 

2 

9.0 

80 

73 

65 

58 

50 

42 

34 

26 

17 

15 

13 

11 

9 

7 

4 

2 

8.0 

81 

73 

64 

56 

47 

38 

29 

20 

17 

15 

12 

10 

7 

5 

2 

7.5 

77 

68 

59 

50 

41 

31 

21 

18 

16 

13 

11 

8 

5 

3 

7.0 

82 

73 

63 

53 

43 

33 

22 

20 

17 

14 

11 

8 

6 

3 

6.5 

78 

68 

57 

46 

35 

24 

21 

18 

15 

12 

9 

6 

3 

Notes:  800  parts  per  million  (ppm)  nitric  oxide  (NO)  added  to  Oi  inlet  of  external  blender  and  N2  (or  air)  added  to  air  inlet  of  external  blender.  Outlet  of  external  blender  leads  to  air  inlet  of 
ventilator.  The  actual  delivered  dose  must  always  be  confirmed  by  analysis.  The  numbers  in  the  body  of  the  table  represent  approximate  delivered  NO  concentration.  This  nomogram  has  been  used 
successfully  at  Massachusetts  General  Hospital  since  1993  in  conjunction  with  a  Puritan  Bennett  7200  Ventilator  and  a  Bird  Blender.  For  NO  source  gas  concentrations  other  than  800  ppm. 
appropriate  mathematical  adjustments  can  be  easily  made  to  the  target  doses  in  the  body  of  the  Table.  For  example,  if  a  400  ppm  source  gas  cylinder  is  used,  the  target  doses  in  the  body  of  this  table 
should  be  divided  in  half.  (From  Reference  1 1,  with  permission.) 


[NO]  =  (NO  flow  X  source  ppm)  ^  (NO  flow 
+  ventilator  flow) 

However,  ttiis  should  be  considered  an  approximation, 
and  the  actual  delivered  NO  should  be  measured.  Once  the 
delivered  NO  is  established,  the  dose  should  remain  con- 
stant provided  that  the  total  flow  through  the  system  does 
not  change. 

Skimming  et  aF-*-^-*  have  illustrated  that  gas  streaming 
can  occur  when  NO  is  infused  into  a  continuous  flow  of 
gas.  Due  to  this  effect,  the  highest  NO  concentration  is 
closest  to  the  tubing  wall  nearest  to  the  infusion  port,  and 
the  lowest  concentration  is  between  the  tubing  axis  and  the 
tubing  further  wall.  Gas  mixing  is  greater  with  corrugated 


tubing  than  smooth  tubing.  However,  Skimming  et  a.V^-''* 
also  found  that  gas  mixing  was  virtually  complete  1 2  inches 
(30  cm)  from  the  point  of  NO  infusion.  Thus,  to  avoid 
dosing  errors,  it  is  prudent  to  infuse  NO  at  least  12  inches 
(30  cm)  from  the  point  of  monitoring. 

We  have  successfully  used  INO  with  high  frequency 
oscillation  by  titration  into  the  continuous  gas  stream  prox- 
imal to  the  humidifier  (injection  upstream  from  the  hu- 
midifier is  important  for  optimal  mixing).  However,  NO 
delivery  by  high  frequency  jet  ventilation  is  unreliable  and 
should  be  avoided.  Jet  ventilators  are  often  used  in  tandem 
with  a  conventional  ventilator  or  use  a  second  gas  source 
for  entrainment  and  spontaneous  breathing.  During  jet  ven- 
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patient 


Fig,  7.  NO  delivery  system  used  for  mechanically  ventilated  neo- 
natal patients  at  Massachusetts  General  Hospital.  NO  (800  ppm)  is 
introduced  into  the  inspiratory  circuit  of  the  ventilator  with  contin- 
uous flow.  The  NO  flow  and  circuit  flow  determine  the  delivered 
NO.  NO,  NOj,  and  O2  are  sampled  near  the  Y-piece.  (From  Ref- 
erence 11,  with  permission.) 


reservoir 


manual 
ventilator 


patient 


NO 


Fig.  8.  NO  delivery  system  used  for  manual  ventilation.  The  manual 
ventilator  should  be  squeezed  3-5  times  to  clear  any  residual  NOj 
before  attaching  the  ventilator  to  the  patient.  (From  Reference  1 1 , 
with  permission.) 


tilation,  entrainment  is  affected  by  respiratory  impedance 
and  position  of  the  catheter  in  the  airway.  If  NO  is  present 
in  the  entrainment  gas,  delivered  NO  dose  will  be  unpre- 
dictable. The  same  is  true  for  NO  delivered  via  the  jet 
ventilator,  but  not  the  entrainment  gas.  The  production  of 
NO2  in  such  a  system  might  also  be  a  problem  and  has  not 
yet  been  studied.  In  our  opinion,  NO  should  not  be  deliv- 
ered by  jet  ventilation  until  reliable  methods  are  designed. '  ^^ 
This  is  likely  to  be  problematic  due  to  the  difficulty  of 
measuring  NO  distal  to  the  point  of  gas  injection  into  the 
airway  (ie,  the  trachea). 

Delivery  Systems  for  Manual  Ventilators 

For  manual  ventilation,  NO  can  be  diluted  with  O^  and 
introduced  into  the  gas  inlet  port  of  the  manual  ventilator 
(Fig.  8).s'''  I  ^1  i-'.i26,i27  We  have  used  this  system  with  self- 
inflating  resuscitators  as  well  as  flow-inflating  resuscita- 
tors.  The  expected  [NO]  (see  Table  5)  can  be  calculated  as: 

[NO]  =  (NO  flow  X  source  ppm)/(NO  flow  +  Oj  flow) 

Before  using  this  system  to  ventilate  the  patient,  the 
delivered  INO  concentration  should  be  analyzed  to  assure 
the  correct  delivered  dose.  It  must  be  recognized  that  INO 
delivery  may  change  with  changes  in  minute  ventilation  if 
the  flow  into  the  manual  ventilator  is  less  than  the  minute 
ventilation.  We  have  used  this  system  for  bedside  manual 
ventilation  and  during  patient  transport  for  diagnostic  pro- 
cedures. Because  this  system  is  only  used  intermittently, 
care  must  be  taken  to  avoid  NOj  generation  between  uses, 
which  could  result  in  a  large  NOj  delivery  if  the  resusci- 
tator  is  unused  for  a  prolonged  period.  The  clinician  should 
flush  the  resuscitator  with  O,  before  and  after  each  use  (ie, 
squeeze  the  bag  3-5  times).  Although  some  have  described 
the  use  of  potassium  permanganate  air  filtration  medium 
to  scavenge  exhaled  NO  and  NOj  during  the  use  of  manual 


ventilators,"''  we  have  generally  found  this  to  be  unnec- 
essary with  the  low  INO  doses  used  in  ARDS.  We  have 
also  found  that  many  patients  can  be  disconnected  briefly 
(ie,  less  than  one  hour)  from  INO  during  transport  for 
diagnostic  tests  or  operations  if  F,o,  is  increased  to  support 
the  patient's  oxygenation. 

NO  Delivery  with  Anesthesia  Ventilators 

The  architecture  of  the  anesthesia  ventilator  poses  sig- 
nificant obstacles  to  the  delivery  of  a  stable  do.se  of  INO. 
Anesthesia  ventilators  are  configured  to  recirculate  ex- 
pired gas  so  as  to  conserve  anesthetic  and  prevent  release 
of  anesthetic  into  the  room  air.  Systems  that  introduce  a 
continuous  flow  of  NO  into  the  inspiratory  limb'*''  could 
administer  an  unintended  high  NO  dose  because  the  re- 
circulated expired  gas  may  already  contain  a  significant 
NO  concentration. 

Anesthesia  ventilators  provide  a  continuous  flow  of  ox- 
ygen, to  which  air  and/or  anesthetic  gases  can  be  added. 
This  continuous  flow  (termed  "fresh  gas  flow")  is  supplied 
at  a  rate  that  can  be  varied  (0.3  to  >  12  L/min)  depending 
on  the  style  of  ventilation  and  ventilatory  requirements.  If 
this  were  the  only  gas  source  available  during  inspiration, 
NO  delivery  could  be  accomplished  in  the  same  fashion  as 
a  continuous  flow  ventilator  (ie,  by  introducing  a  contin- 
uous flow  of  NO  into  the  fresh  gas  flow).  The  patient's 
expired  gas  passes  into  a  bellows  (or  bag  if  employing 
manual  ventilation)  for  storage  until  needed  for  the  next 
inspiration.  During  the  expiratory  phase,  the  continuous 
fresh  gas  flow  is  also  diverted  from  the  inspiratory  limb 
into  the  bellows  (Fig.  9),  mixing  with  the  patient's  expired 
gas.  If  the  bellows  capacity  is  exceeded,  excess  gas  is 
released  through  a  pressure  relief  valve  into  the  ventila- 
tor's scavenging  system.  On  inspiration,  a  combination  of 
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Fig.  9.  A  typical  anesthesia  ventilator  system.  It  is  difficult  to  safely 
and  precisely  deliver  NO  with  this  system.  (From  Reference  1 1 , 
with  permission.) 


limitations  of  the  standard  anesthesia  ventilator,  it  may  not 
be  practical  to  set  the  fresh  gas  flow  greater  than  the  minute 
ventilation.  We  prefer  to  use  a  critical  care  ventilator  rather 
than  an  anesthesia  ventilator  for  NO  delivery  during  an- 
esthesia. The  I-NOvent  Delivery  System  (see  below)  can 
be  used  to  add  NO  to  the  inspiratory  limb  of  an  anesthesia 
circuit  if  fresh  gas  flow  equals  (or  exceeds)  the  minute 
ventilation.  This  application  of  the  I-NOvent  poses  several 
problems.  The  flow  readings  by  the  I-NOvent  will  be  in- 
accurate because  of  the  presence  of  anesthetic  gases.  This, 
coupled  with  the  recirculation  of  NO  that  is  able  to  pass 
through  the  absorber  at  high  concentrations,  requires  that 
delivered  NO  be  monitored  carefully.  The  effects  of  an- 
esthetic gases  on  NO  monitors  is  not  fully  understood  and 
requires  further  investigation. 

Commercial  Systems  for  Mechanical  Ventilation 


fresh  gas  flow  and  bellows  gas  is  delivered  to  the  patient 
to  achieve  the  desired  V^. 

During  anesthesia  ventilation,  the  actual  delivered  INO 
dose  will  be  difficult  to  predict  for  several  reasons.  The 
NO  uptake  and  expired  NO  concentration  can  vary  signif- 
icantly from  patient  to  patient.  As  the  fresh  gas  flow  enters 
the  bellows  during  the  expiratory  phase,  the  NO  concen- 
tration in  the  bellows  is  diluted  and  some  NO  may  be  lost 
through  the  pressure  relief  valve.  During  inspiration,  as  the 
gas  from  the  bellows  is  delivered  through  the  COj  ab- 
sorber to  the  inspiratory  limb,  some  NO  may  be  scavenged 
by  the  absorber.**--*^  It  is  difficult  to  determine  the  con- 
tribution the  bellows  makes  to  the  delivered  V^  and  NO 
concentration. 

Adding  a  continuous  flow  of  NO  into  the  inspiratory 
limb  of  the  breathing  circuit  downstream  from  the  COj 
absorber  will  result  in  the  loading  of  some  portion  of  the 
inspiratory  limb  with  pure  source  NO  because  there  is  no 
flow  in  the  inspiratory  limb  downstream  from  the  CO2 
absorber  during  expiration  (fresh  gas  flow  is  directed  into 
the  bellows).  Thus,  the  beginning  of  the  following  inspi- 
ration would  contain  a  high  NO  concentration. 

Nitric  oxide  can  be  added  to  the  fresh  gas  flow  by 
connecting  the  source  NO  cylinder  to  the  nitrous  oxide 
(NjO)  inlet  of  the  anesthesia  ventilator  and  regulating  the 
amount  of  NO  by  adjusting  the  NjO  flow  meter.  However, 
the  difference  in  density  of  NO  and  NjO  will  result  in  an 
erroneous  flow  reading  on  the  NjO  flow  meter,  which  in 
turn  affects  the  accuracy  of  predicting  the  NO  concentra- 
tion. Using  the  NjO  flow  meter  to  introduce  the  NO  into 
the  anesthesia  ventilator  ensures  a  consistent,  stable  NO 
concentration  if  the  fresh  gas  flow  is  greater  than  the  minute 
ventilation.  If  the  fresh  gas  flow  is  less  than  minute  ven- 
tilation, then  recirculation  of  gases  will  occur  and  result  in 
higher-than-intended  NO  concentrations  and  a  greater  re- 
duction in  the  oxygen  concentration.  Given  the  design 


Several  manufacturers  are  developing  systems  for  de- 
livery of  INO,  and  these  are  at  various  stages  of  develop- 
ment. At  the  time  of  this  writing,  most  have  not  been 
approved  for  use  by  the  FDA,  and  none  can  be  used  by 
institutions  that  do  not  have  a  valid  FDA  Investigational 
New  Drug  Number  for  the  use  of  INO. 

I-NOvent  Delivery  System 

The  I-NOvent  Delivery  System  (INO  Therapeutics)  is  a 
universal  NO  delivery  system  designed  for  use  with  most 
conventional  critical  care  ventilators.  It  can  be  used  with 
either  phasic  flow  ventilators  (eg,  adults)  or  continuous 
flow  ventilators  (eg,  neonates).  In  its  typical  configuration, 
the  delivery  system  is  mounted  on  a  transport  cart  that 
holds  two  800  ppm  NO  gas  cylinders  (Fig.  10).  The  sys- 
tem is  factory-configured  for  the  specific  cylinder  concen- 
tration required  in  the  intended  country  of  use.  NO  con- 
centrations of  0-80  ppm  can  be  delivered  using  the  800 
ppm  source  gas  cylinder,  0-40  ppm  can  be  delivered  us- 
ing a  400  or  450  ppm  cylinder,  and  0-20  ppm  can  be 
delivered  using  a  300  ppm  cylinder.  The  system  is  deliv- 
ered with  800  ppm  tanks  containing  1963  L  and  pressur- 
ized to  2000  psig.  An  integral  battery  allows  30  minutes  of 
operation  in  the  absence  of  an  external  power  source.  At 
the  time  of  this  writing,  I-NOvent  Delivery  System  is  the 
only  commercial  NO  delivery  system  that  has  received 
FDA  approval  for  purchase  by  hospitals  who  have  a  valid 
Investigational  New  Drug  Number  for  administration 
of  INO. 

The  principle  of  operation  of  the  I-NOvent  Delivery 
System  is  shown  in  Figure  11 .  An  injection  module  is 
inserted  into  the  inspiratory  circuit  between  the  ventilator 
output  and  the  humidifier.  The  injection  module  includes 
a  hot  film  flow  sensor  and  a  gas  injection  tube.  Flow  in  the 
ventilator  circuit  is  precisely  measured  and  NO  is  injected 
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Fig.  10.  The  Ohmeda  l-NOvent  Delivery  System.  Top:  User  inter- 
face and  monitoring  panel.  Middle:  Flow  sensor  inspiratory  limb  of 
ventilator  circuit.  Bottom:  The  l-NOvent  Delivery  System  interfaced 
with  a  mechanical  ventilator  system. 


proportional  to  that  flow  to  provide  the  desired  NO  dose. 
This  design  allows  a  precise  and  constant  NO  concentra- 
tion in  the  inspired  gas  for  any  ventilatory  pattern.  NO 
flows  through  either  a  high  flow  or  a  low  flow  controller. 
The  high  and  low  flow  controllers  assure  that  the  delivered 


patient 


Fig.  1 1 .  Schematic  representation  of  the  Ohmeda  l-NOvent  Deliv- 
ery System  in  a  mechanical  ventilator  circuit.  Flow  is  measured  at 
the  ventilator  outlet  and  NO  is  injected  proportional  to  that  flow  to 
achieve  the  desired  NO  dose.  Gas  is  sampled  from  the  inspiratory 
circuit,  near  the  Y-piece,  and  analyzed  for  NO,  NO2,  and  O2. 


NO  concentration  is  accurate  over  a  wide  range  of  venti- 
lator flows  and  desired  NO  concentrations.  By  delivering 
NO  proportional  to  the  ventilator  flow,  residence  time  is 
reduced  and  NO2  production  is  minimized. 

The  I-NOvent  Delivery  System  includes  monitoring  of 
O2,  NO,  and  NOj.  Gas  is  sampled  downstream  from  the 
point  of  injection,  near  the  Y-piece  in  the  inspiratory  cir- 
cuit. Gas  concentrations  are  measured  using  electrochem- 
ical cells  that  can  be  calibrated  at  regular  intervals  by  the 
user.  Alarms  can  be  set  by  the  user  for  high  NO,  low  NO, 
high  NO2,  high  O2,  and  low  Oj.  Additional  alarms  include 
loss  of  source  gas  pressure,  weak  or  failed  electrochemical 
cells,  calibration  required,  delivery  system  failures,  and 
monitoring  failures. 

The  I-NOvent  Delivery  System  uses  a  dual-channel  de- 
sign: one  channel  controls  INO  delivery  and  the  other 
controls  monitoring.  This  design  permits  INO  delivery  in- 
dependent of  monitoring,  which  is  an  important  safety 
feature,  and  allows  that  the  monitoring  system  can  be  cal- 
ibrated without  interruption  of  INO  delivery. 

A  manual  INO  delivery  system  is  also  available  with  the 
l-NOvent  Delivery  System.  With  an  oxygen  flow  to  the 
manual  ventilator  .set  at  15  L/min,  the  I-NOvent  injects  gas 
to  provide  an  INO  concentration  of  20  ppm.  As  with  any 
manual  ventilator  system  for  INO,  it  is  important  to  squeeze 
the  bag  3-5  times  to  clear  residual  NO2  before  attaching  it 
to  the  patient. 

Two  independent  evaluations  of  the  I-NOvent  Delivery 
System  have  been  published.  Kirmse  et  al'-**  evaluated  the 
I-NOvent  connected  to  the  Puritan  Bennett  7200  and  Sie- 
mens Servo  900C  at  inspired  NO  concentrations  of  2  ppm, 
5  ppm,  and  20  ppm,  and  a  variety  of  ventilator  modes. 
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They  found  the  error  between  the  target  and  dehvered  dose 
to  be  1.3%  with  the  Puritan  Bennett  7200,  and  3.9%  with 
the  Siemens  Servo  900C.'-«  They  also  found  that  the  I- 
NOvent  reduced  NO2  production  from  a  mean  of  5.8  ppm 
(pre-mixing  with  compressed  air)  to  0.5  ppm  when  using 
the  I-NOvent.  Pre-mixing  with  nitrogen  instead  of  air  re- 
duced NO,  levels  to  0.3  ppm.  They  concluded  that,  "the 
I-NOvent  provides  a  constant  NO  concentration  indepen- 
dent of  ventilatory  pattern,  and  NO2  formation  is  mini- 
mal."'2« 

Young  et  al  evaluated  the  I-NOvent  at  10  ppm  NO  and 
40  ppm  NO  using  V-^  of  500  mL,  700  mL,  and  900  mL, 
respiratory  rates  of  10  breaths  per  minute,  15  breaths  per 
minute,  and  20  breath  per  minute  with  constant,  sine,  and 
decelerating  flow  patterns  at  30  L/min,  40  LVmin,  and  50 
L/min.12'*  They  found  delivered  INO  to  be  10.2-10.7  ppm 
with  a  setting  of  10  ppm  and  40.5-42  ppm  with  a  setting 
of  40  ppm. 

One  limitation  of  the  I-NOvent  is  that  the  maximum  NO 
flow  is  6.34  L/min.  At  very  high  constant  flow  rates  (>  90 
L/min)  and  high  NO  settings  (>  40  ppm),  the  I-NOvent 
will  be  unable  to  deliver  the  set  NO  unless  the  cylinder 
concentration  is  changed  or  ventilator  settings  adjusted. 

NOdomo 

The  NOdomo  (Nitric  Oxide  Dosing  and  Monitoring  Unit, 
Dragerwerk,  Germany)  system  is  designed  to  interface  with 
the  Drager  family  of  mechanical  ventilators  (Fig.  12).  Cur- 
rently, the  system  will  Operate  with  the  Drager  Evita  1, 
Evita  2,  Evita  4,  and  Babylog  8000  ventilators. 

The  NOdomo  delivery  system  is  a  mass  flow  controller, 
adding  a  proportion  of  NO  from  a  cylinder  into  the  breath- 
ing circuit.  The  system  is  typically  operated  with  a  cylin- 
der of  NO/N2  with  an  INO  concentration  of  100  ppm  or 
1000  ppm.  If  a  cylinder  of  100  ppm  is  used,  the  set  value 
is  0.0  ppm.  If  a  1000  ppm  cylinder  is  used,  the  set  value  is 
00.0  ppm.  A  100  ppm  NO  cylinder  allows  an  INO  delivery 
concentration  of  0.1  to  9.9  ppm,  and  a  cylinder  of  1000 
ppm  NO  allows  a  dose  range  of  1  to  99  ppm.  If  a  cylinder 
with  a  different  NO  concentration  is  used,  the  delivered 
NO  can  be  calculated  by  the  formula: 

[NO]  =  [NO]cylinder/selector  switch  setting 
(100  or  1000  ppm)  X  set  concentration  (ppm) 

The  manufacturer  recommends  using  the  specified  100 
ppm  or  1000  ppm  NO  cylinders.  If  a  different  concentra- 
tion is  used,  the  selector  switch  should  be  set  at  a  level 
greater  than  the  tank  concentration.  Table  7  shows  the 
range  of  delivered  NO  using  specified  and  unspecified 
cylinder  concentrations. 

The  delivery  of  INO  is  controlled  by  the  electronic  flow 
controller,  based  on  the  input  signal  from  the  value  set  on 
the  unit  and  the  flow  signal  from  the  ventilator.  The 


Table  7.  Range  of  Delivered  Inhaled  Nitric  Oxide  Using  Specified 
and  Unspecified  Cylinder  Concentrations  for  the  NOdomo 
System 

Cylinder  Concentration  Setting  range  Delivered  concentration 


100  ppm 
1000  ppm 
50  ppm 
200  ppm 


0. 1  to  9.9  ppm 
I  to  99  ppm 
0. 1  to  9.9  ppm 
1  to  99  ppm 


0. 1  to  9.9  ppm 
1  to  99  ppm 
0.05  to  4.95  ppm 
0.2  to  18.9  ppm 


(From  Reference  II,  with  permission.) 


NOdomo  unit  does  not  measure  flow,  but  instead  receives 
the  value  for  flow  output  measured  by  the  ventilator  part- 
ner (Fig.  12).  This  allows  the  NOdomo  device  to  accu- 
rately deliver  NO  in  any  mode  of  ventilatory  support.  A 
disadvantage  is  that  it  is  only  compatible  with  the  Drager 
ventilators.  The  maximum  NO  flow  is  13  L/min  and  the 
minimum  flow  is  25  mL/min.  As  with  any  proportional 
system,  as  the  desired  NO  concentration  increases  the  Fiq^ 
decreases.  A  maximum  of  10%  of  total  delivered  flow  is 
available  from  the  delivery  unit.  Gas  from  the  delivery 
system  is  directed  into  an  elbow  in  the  breathing  circuit. 
The  manufacturer  claims  that  delivery  of  gas  into  the  el- 
bow increases  turbulence,  enhances  mixing,  and  eliminates 
streaming  of  gases  that  causes  inaccurate  monitoring. 

In  addition  to  the  flow  control  component,  the  NOdomo 
system  has  NO  and  NO2  analyzers,  a  pump  for  sampling 
gas  from  the  ventilator  circuit,  water  trap,  and  alarm  unit. 
The  analyzers  are  electrochemical  sensors.  Both  analyzers 
have  an  adjustable  high  concentration  alarm,  but  neither  is 
equipped  with  a  low  gas  concentration  alarm. 

Sydow  et  al  have  evaluated  the  NOdomo  delivery 
system  at  10  ppm  and  30  ppm  during  ventilation  of  a 
lung  model  using  volume  control  and  pressure  control 
breaths,  as  well  as  airway  pressure  release  ventilation.'^" 
They  found  that  the  NOdomo  delivery  device  tended  to 
provide  NO  concentrations  4%  greater  than  set.  At  an 
NO  concentration  of  10  ppm,  NO,  was  <  0.2  ppm.  At 
an  NO  concentration  of  30  ppm,  NO2  was  <  1.9  ppm. 
Sydow  et  al  concluded  that  "although  inspiratory  NO 
concentration  fluctuates  depending  on  the  inspiratory 
flow,  this  delivery  device  allows  stable  NO  administra- 
tion without  requiring  adjustments  when  ventilator  set- 
tings are  changed.""" 


Servo  300 


Because  current  generation  ventilators  use  microproces- 
sor technology  to  set  the  delivered  F,o  ,  it  seems  reason- 
able to  use  similar  technology  to  set  the  delivery  of  other 
gases  such  as  NO.  Microprocessor  technology  coupled 
with  precision  solenoids  could  be  used  to  mix  air,  O,.  and 
NO  to  achieve  the  desired  F,n  and  NO. 


Respiratory  Care  •  March  1999  Vol  44  No  3 


297 


Inhaled  Nitric  Oxide:  Delivery  Systems  and  Monitoring 


NOdomo  Front  Panel 


caM 


caL( 


NO 


(         65 


VT/ 


o    100  ppm 
olOOOppm 

Probe  inlet 


•  ALARM  ^ 

•  NO,  NO  Monitoring 

•  Stefiosis 

•  Gas  supply 

•  Water  trap 

•  System  ) 


Outlet 


o 


B 


NO-supply 


-0 


Safety-Valve 


Servo-Valve 


Insp.  Flow 


Valve- 
Electronics 


9  9 


Setting 


Alarm- 
Electronics 


]PACIl[- 


PAC  II  \ 


Fig.  12.  Top:  Front  panel  of  Drager  NOdomo.  Bottom:  Internal 
design  of  Drager  NOdomo.  (From  Reference  1 1 ,  with  permission.) 


A  system  developed  in  Sweden  by  Servotek  AB  (Arlov, 
Sweden),  and  available  in  Europe,  integrates  NO  delivery 
into  the  Servo  300  ventilator.'*'''-^'-'^^  A  stock  gas  mixture 
of  NO/N2  is  mixed  with  air  and  O2  within  the  ventilator, 
and  a  target  Fjo,  and  NO  dose  is  delivered  to  the  patient. 
This  system  has  been  evaluated  in  detail  using  a  test  lung''*'' 
and  an  animal  model. '-''^  In  the  in-vitro  evaluation,  it  was 
determined  that  this  system  delivered  an  accurate  and  pre- 
cise NO  concentration  independent  of  ventilator  settings. 
This  was  confirmed  in  an  animal  model.  However,  results 
of  the  animal  model  also  suggested  that  the  expiratory  NO 
monitoring  featured  by  this  delivery  system  may  limit  its 
utility  because  of  NO  uptake.*-^ 

Pulmonox 

The  Pulmonox  (Messer  Griesheim,  Austria)  is  a  univer- 
sal system  that  measures  flow  from  the  inspiratory  circuit 


analyzer 
O2/NO/NO2 


\f^ 
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air 


tight-fitting 
face  mask 


te 


NO 


Fig.  13.  NO  delivery  system  for  spontaneous  breathing  using  a 
high  flow  gas  delivery  system.  NO,  air,  and  O2  are  blended  to 
achieve  the  desired  Fiq^  and  NO  dose.  (From  Reference  1 1 ,  with 
permission.) 


and  injects  NO  to  achieve  the  desired  dose.  It  operates  at 
a  ventilator  flow  range  of  20-60  L/min  and  delivers  INO 
in  the  range  of  2-25  ppm.  The  system  has  an  integral 
chemiluminescence  analyzer.  The  Pulmonox  mini  is  of 
similar  design,  except  electrochemical  monitoring  cells  are 
used  instead  of  chemiluminescence,  which  reduces  the  size 
and  cost.  The  Pulmonox  is  available  only  in  Europe. 

Delivery  Systems  for  Spontaneous  Breathing 

INO  can  be  delivered  to  spontaneously  breathing  pa- 
tients. Although  ARDS  patients  requiring  INO  are  usually 
mechanically  ventilated,  other  patients  with  primary  pul- 
monary hypertension  might  not  be  intubated.  Several  sys- 
tems have  been  described  to  deliver  INO  to  spontaneously 
breathing  patients.  A  high-flow  system  (S:  60  L/min)  with 
a  tight-fitting  face  mask  can  be  used  (Fig.  13)."™  The 
expected  [NO]  can  be  calculated  as  described  previously: 

[NO]  =  (NO  flow  X  source  ppm)/(total  flow) 

Exhaled  gas  can  be  scavenged  by  the  hospital  vacuum 
system.  Inspiratory  reservoir  bags  should  be  avoided  with 
these  systems  because  of  the  likelihood  of  NOj  generation 
within  the  bag. 

INO  can  also  be  administered  to  spontaneously  breath- 
ing patients  using  a  transtracheal  O2  catheter'""  or  a  nasal 
cannula.*'-'-^*  There  are  several  limitations  of  these  sys- 
tems. It  is  not  possible  to  analyze  the  delivered  dose,  and 
the  dose  varies  with  the  ventilatory  pattern  of  the  patient.''^ 

NO/N2  can  be  delivered  directly  to  the  cannula  from  a 
source  cylinder,  provided  that  this  NO  concentration  is 
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Table  8.      Calculation  of  NO  for  Delivery  by  Nasal  Cannula 

[NO]  in  cannula  =  (desired  NO  dose  X  mean  inspiratory 

flow)/(cannula  flow) 
NO  flow  =  (cannula  flow  x  [NO]  in  cannula)/(source  NO  cylinder 

concentration) 
Assume:     tidal  volume  =  400  mL 

inspiratory  time  =  1  second 
source  NO  cylinder  concentration  =  800  ppm 
nasal  cannula  flow  =  2  L/min 
desired  NO  dose  =  5  ppm 
mean  inspiratory  flow  =  400  mL/1  second  =  24  L/min 
[NO]  in  cannula  =  (5  ppm  x  24  L/min)/2  L/min  =  60  ppm 
NO  How  =  (2  L/min  x  60  ppm)/800  ppm  =  0.15  L/min 
Therefore,  0.15  L/min  of  8CX)  ppm  NO  should  be  mixed  with  1.85 
L/min  of  air  to  produce  60  ppm  NO  in  the  cannula  at  2  L/inin.  This 
will  provide  an  NO  dose  of  5  ppm  for  the  above  ventilatory  pattern. 
Note  that  the  NO  dose  will  vary  with  the  ventilatory  pattern.  Similar 
calculations  can  be  performed  for  any  combination  of  tidal  volume, 
inspiratory  time,  source  NO  cylinder  concentration,  nasal  cannula 
flow,  and  desired  NO  dose. 
Because  most  of  the  inspiratory  flow  consists  of  NO-free  ambient  air, 
changing  the  O,  flow  will  have  a  negligible  effect  on  the  delivered 
NO  dose.  Although  changing  the  NO  flow  will  change  the  NO 
concentration  in  the  cannula,  the  inspiratory  dose  of  NO  remains 
relatively  unchanged  if  the  NO  flow  and  ventilatory  pattern  do  not 
change. 
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Fig.  14.  Schematic  diagram  of  an  electrochemical  analyzer.  (A) 
Structure  of  the  polytetrafluoroethylene  (PTFE)-bonded  membrane 
sensing  electrode.  (B)  Schematic  of  an  electrochemical  sensor.  A 
semipermeable  diffusion  membrane  covers  the  capillary  disk.  Po- 
sition of  the  three  electrodes  is  also  show/n.  (From  Reference  1, 
with  permission.) 


relatively  low  (eg.  £  80  ppm).  Alternatively,  the  NO  flow 
can  be  titrated  into  the  main  gas  flow  to  the  cannula.  The 
main  gas  flow  (carrier  gas)  can  be  Oj  or  air,  depending  on 
the  Ot  requirements  of  the  patient.  Nitrogen  is  not  recom- 
mended as  a  carrier  gas  because  of  the  potential  for  hyp- 
oxia. Some  investigators  have  used  a  split  cannula  design 
(eg,  COj  sampling  cannula),  with  Oj  administration  via 
one  of  the  cannula  prongs  and  NO  administration  via  the 
other  prong.  The  delivered  dose  is  calculated  based  on  as- 
sumptions about  the  patient's  ventilatory  pattern  (Table  8). 
It  is  difficult  to  scavenge  NO  with  a  nasal  cannula  ad- 
ministration system,  although  scavenging  is  probably  un- 
necessary with  the  low  doses  that  are  typically  used.  A 
pulse-dose  delivery  system'^*"  can  minimize  ambient  con- 
tamination, minimize  waste  of  source  gas  (a  particular 
advantage  for  home  use),  and  perhaps  improve  patient 
comfort  because  flow  occurs  only  during  inspiration.  How- 
ever, pulse-dose  systems  are  more  expensive  and  complex. 
With  a  pulse-dose  delivery  system,  mixing  of  NO  with  Oj  is 
discouraged  because  of  the  potential  for  NOj  production. 

Monitoring  NO  and  NOj 

Two  types  of  analyzers  are  available  for  monitoring  NO 
and  NOt  in  breathing  systems,  electrochemical  and  chemi- 
luminescent;  each  has  a  role  in  monitoring  NO  and  NOj. 


The  principles  of  operation  for  each  analyzer  will  be  re- 
viewed and  recommendations  for  use  will  be  provided. 

Electrochemical  Analyzers 

Electrochemical  analyzers  have  some  similarity  to  other 
fuel  cell  technologies  used  in  respiratory  care.  When  NO 
diffuses  into  a  reactive  electrolyte  solution,  electrons  are 
released  or  absorbed.'  The  current  generated  between  elec- 
trodes, caused  by  this  release  or  absorption,  is  proportional 
to  the  concentration  of  NO  or  NOj  in  the  gas  sample. 
Electrochemical  cells  for  NO  and  NOj  monitoring  utilize 
a  semi-permeable  diffusion  membrane,  acid  or  alkaline 
electrolyte,  and  a  .series  of  3  electrodes.  The  electrodes 
include  an  anode  (sensing  electrode),  cathode  (counter  elec- 
trode), and  reference  electrode  (Fig.  14). 

Gas  contacts  the  diffusion  barrier  and  a  small  amount  of 
NO  or  NO2  passes  into  the  electrolyte.  The  sensing  elec- 
trode is  positioned  nearest  the  membrane,  and  the  counter 
electrode  and  reference  electrode  are  positioned  deeper  in 
the  electrolyte.  The  reference  electrode  provides  a  bias 
voltage  so  that  the  sensing  electrode  is  kept  at  a  pre-de- 
termined  operating  voltage.  The  current  flow  through  the 
circuit  is  proportional  to  NO  or  NO2  concentration,  and  is 
measured  as  voltage  across  a  resistance.' 

The  electrons  generated  during  the  oxidation  reaction  at 
the  sensing  electrode  are  consumed  at  the  counter  elec- 
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Fig.  15.  Diagram  of  a  single  reaction  chamber  chemiluminescence  analyzer.  In  this  device,  sample  flow  is  controlled  by  the  capillary  tube. 
In  the  NO2  mode,  the  chemical  or  catalytic  converter  is  used  to  convert  NO2  to  NO.  Ozone  is  produced  from  ambient  air  by  an  ozonator. 
In  the  sample  chamber  excited  NO2  is  created  and  the  photomultiplier  measures  the  emitted  photons.  (From  Reference  1 ,  with  permission). 


trode  via  reduction  of  oxygen.  The  reaction  at  each  elec- 
trode is: 


4NO  +  2H,0  +  30, 


4HNO3 


NO,  monitors  use  similar  principles  of  operation  but 
different  electrochemistry.  With  an  NOj  analyzer,  NO2  is 
reduced  to  NO  at  the  cathode: 


NO  +  H2O 


NO2  +  2H+  +  2e 

Water  is  then  oxidized  at  the  cathode: 


2H2O  ^  4H^  +  4e-  +  O2 

The  sum  of  these  two  equations  yields 

2NO2  -^  2N0  +  O2 

Electrochemical  analyzers  are  small,  portable,  relatively 
inexpensive,  easy  to  calibrate,  and  use  a  small  sample 
volume.  The  response  time  of  electrochemical  sensors  is 
very  slow,  with  a  typical  response  time  of  30  to  40  sec- 
onds. They  can  be  sidestream  or  mainstream  sensors.  The 
sidestream  sensors  can  have  an  active  withdraw  system 
such  as  a  vacuum  pump,  or  can  utilize  the  pressure  in  the 
ventilator  circuit  to  deliver  gas  to  the  analyzer.  The  latter 
system  has  considerably  slower  response  time  and  is  in- 
effective in  systems  at  ambient  pressures. 

Electrochemical  sensors  can  be  adversely  affected  by 
humidity,  temperature,  and  pressure  in  the  ventilator  cir- 


cuit.' Humidity  affects  the  sensor  by  adding  a  layer  of 
water  vapor  over  the  membrane,  which  reduces  diffusion. 
Pressure  increases  result  in  a  rise  in  partial  pressure,  which 
causes  inaccurately  high  NO  or  NO2  readings.  Tempera- 
ture affects  diffusion  and  can  adversely  impact  auto-oxi- 
dation of  the  electrolyte  solution.^''  This  effect  is  negligi- 
ble in  the  clinical  range  of  20-40°  C.  The  accuracy  of 
current  electrochemical  sensors  is  clinically  acceptable  in 
the  range  of  0-80  ppm. 

Chemiluminescence  Analyzers 

Chemiluminescence  analyzers  determine  gas  concentra- 
tions by  measuring  stimulated  photoemission.  The  NO 
chemiluminescence  analyzer  causes  NO  to  react  with  ozone 
(O3)  to  produce  NO2  with  an  electron  in  an  excited  state.' 
When  the  electron  decays  to  its  original  energy  level  a 
photon  is  released,  with  energies  in  the  wavelength  range 
of  600-3000  nm.  The  photon  emissions  are  measured  by 
a  photomultiplier  that  converts  luminescent  intensity  into 
an  electrical  signal.  In  order  to  assure  that  NOj  production 
is  unrelated  to  the  availability  of  ozone,  ozone  is  pumped 
into  the  reaction  chamber  at  a  constant  rate  that  is  several 
orders  of  magnitude  greater  than  the  NO  concentration  to 
be  measured. 

Nitrogen  dioxide  is  measured  in  a  chemiluminescence 
analyzer  by  converting  NO2  to  NO  and  performing  the 
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Table  9.      Comparison  of  Electrochemical  and  Chemiluminescence  Analyzers 


Electrochemical 

Chemiluminescence 

Accuracy 

Clinically  acceptable 

High  (ppm,  ppb,  ppt) 

Range  of  measurement 

NO  3-100  ppm 
NO2  0.5-10  ppm 

NO  10"'  -lOOppm 
NO2  10"'  -100  ppm 

Sources  of  error 

Humidity,  pressure 

Quenching  (oxygen) 
Viscosity  (humidity,  oxygen) 

Response  time 

10-30  seconds 

0.15-20  seconds 

Configuration/sample  flow 

Sidestream.  Mainstream 

Sidestream 

Size 

Small,  light  weight 

Large,  heavy 

Consumables 

Fuel  cells 

Chemical  converters,  sample  lines,  capillaries, 
generator,  scrubber  contents 

ozone 

Ozone  production 

No 

Yes 

Suitable  for  expired  gas  measurement 

No 

Yes 

Ease  of  use/calibration 

Simple/quick  calibration 

Difficult/prolonged  calibration 

Oxygen  percent  correction 

required 

dioxide. 

No 

Yes 

NO  =  nitric  oxide;  NOi  —  nitrogen 

same  measurement  described  above.  This  requires  a  high 
temperature  (600-800°  C)  stainless  steel  catalytic  con- 
verter or  a  chemical  converter  constructed  of  molybde- 
num.' The  latter  operates  at  lower  temperatures,  but  has 
the  disadvantage  of  requiring  replenishment  of  the  con- 
verter material  (which  is  consumed  during  the  reaction). 
Figures  15  and  16  show  2  chemiluminescence  analyzers. 

The  accuracy  of  chemiluminescence  analyzers  is  in  the 
parts  per  billion  (ppb)  or  even  parts  per  trillion  (ppt)  range. 
Accuracy  can  be  affected  by  quenching,  viscosity,  and 
contaminant  gases  being  recognized  as  NO,'  Quenching 
refers  to  the  collision  of  other  gas  molecules  with  the 
excited  NO2  and  formation  of  NO2  at  its  base  energy  level. 
Quenching  causes  inaccurately  low  NO2  readings  and  can 
cause  the  NOj  display  to  read  <  0  ppm.  Oxygen,  COj,  and 
water  vapor  are  the  most  common  sources  of  quenching  in 
the  ventilator  circuit.  Saturated  gas  at  20°  C  will  reduce  the 
NO2  signal  by  1-2%.  CO2  at  40  mm  Hg  will  reduce  the 
signal  by  only  0.5%.  Oxygen  has  a  small  effect,  but  at  high 
inspired  concentrations  is  the  most  likely  source  of  NO2 
inaccuracies.  At  100%  oxygen,  the  NO  signal  is  dimin- 
ished by  7%  to  15%.'" 

The  presence  of  other  nitrogen  oxides  will  also  adversely 
impact  accuracy  of  the  measurement.  Viscosity  refers  to 
changes  in  the  gas  sample  rate  caused  by  humidity  or  the 
presence  of  oxygen.  Because  the  accuracy  of  the  analyzer 
depends  on  consistent  gas  flow,  any  increase  in  viscosity 
will  result  in  fewer  NO  molecules  entering  the  chamber. 
Humidity  and  oxygen  both  cause  inaccurately  low  NO  and 
NO2  readings. 

The  advantages  of  chemiluminescence  analyzers  include 
high  accuracy,  ability  to  measure  concentrations  in  the  ppb 
range,  faster  response  time,  and  greater  specificity.  Disad- 
vantages include  cost,  size,  the  need  for  sample  drying, 


and  the  requirement  of  a  scrubber  to  eliminate  ozone  con- 
tamination from  the  work  area.  Table  9  compares  the  features 
of  electrochemical  and  chemiluminescence  analyzers. 

Several  authors  have  evaluated  commercially  available 
electrochemical  and  chemiluminescence  analyzers.'"'^'''* 
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Fig.  16.  A  dual  reaction  chamber  chemiluminescence  analyzer.  It 
differs  from  the  single  chamber  device  in  that  the  sample  gas  is 
split;  one  portion  is  used  to  measure  NO  directly,  the  other  to 
measure  NO2  indirectly.  (From  Reference  1 ,  with  permission.) 
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These  studies  found  that  most  electrochemical  analyzers 
are  suitable  for  clinical  use,  although  some  devices  per- 
form better  than  others.'*''-''"'  Studies  of  chemilumines- 
cence  analyzers  report  substantial  differences  in  response 
times,  sample  chamber  volumes,  and  accuracy.  Nishimura 
et  found  wide  variations  in  response  time  and  suggested 
that  all  measurement  systems  should  report  response  time 
and  transport  delay  of  monitoring  equipment. '''^ 


Summary 

From  a  practical  standpoint,  technical  issues  related  to 
NO  delivery  are  as  important  as  therapeutic  issues.  The 
therapeutic  benefits  will  be  consistently  obtained  only  with 
a  reliable  delivery  system,  and  hazards  and  toxicity  may  be 
more  problematic  with  an  unreliable  delivery  system.  It  is 
incumbent  upon  clinicians  to  ensure  that  their  INO  deliv- 
ery system  is  safe  and  reliable. 
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Discussion 

Stewart:  One  of  my  concerns  is  that 
we're  starting  to  use  INO  with  high 
frequency  oscillation  ventilation,  and 
we  deliver  INO  in  the  inspiratory  limb 
and  measure  it  just  prior  to  the  Y- 
piece.  I'm  concerned  with  dynamic  hy- 
perinflation, or  gas  trapping,  about 
what's  actually  going  on  at  the  alve- 
olar level,  and  how  much  NOj  is  be- 
ing produced.  Do  you  have  any  com- 
ments on  the  use  of  INO  in  techniques 
prone  to  gas  trapping,  such  as  inverse 
ratio  or  high  frequency  oscillation  or 
high  frequency  jet  ventilation? 

Branson:  I  think  those  are  3  very 
different  things.  In  high  frequency  os- 
cillation, the  delivery  of  INO  is  actu- 
ally fairly  easy  because  it's  a  constant 
flow.  Now,  what  effects  happen  in  the 
lung  with  air  trapping  and  especially 
delivery  of  INO  to  alveolar  units  that 
eventually  have  airways  collapse  in 
front  of  them,  that's  a  good  question. 
What  happens  to  that  INO?  With  high 
frequency  jet  ventilation  it  is  virtually 
impossible  to  deliver  an  accurate  INO 
concentration  unless  you're  going  to 
deliver  INO  through  the  jet  ventilator 
and  INO  through  the  entrainment  gas 
at  a  constant  rate.  If  you  try  to  rely  on 
entraining  INO  and  the  patient's  com- 
pliance changes,  the  position  of  the 
catheter  changes,  the  endotracheal 
tube  changes,  all  bets  are  off,  and  you 
don't  know  what  INO  you're  deliver- 
ing. The  same  thing  goes  if  you  just 
deliver  it  through  the  jet  catheter  be- 
cause you  don't  know  what  happens 
to  the  gas  that  you're  entraining.  In- 
verse ratio  ventilation,  again,  isn't 
unique  unto  itself  in  terms  of  INO  de- 
livery, but  in  the  systems  that  you  have 
air  trapping,  especially  behind  closed 
airways,  like  in  the  patient  with  chronic 
obstructive  pulmonary  disease,  the  fate 
of  that  INO  I'm  unsure  about. 


Hess:  I  think  you  bring  up  a  very 
important  question,  Tom,  and  I  know 
Bill  (Hurford)  and  I  have  had  discus- 
sions about  this  back  home  already. 
What  happens  to  the  production  of 
NO2  in  the  lung  if  you  are  delivering 
INO  and  a  high  concentration  of  ox- 
ygen to  a  slow  space  of  the  lung  that 
is  dead  space  where  the  INO  really 
isn't  being  taken  up?  Could  you  be 
making  NO2  in  those  regions?  And 
could  that  contribute  to  some  toxicity 
in  those  lung  regions?  I  don't  know 
the  answer,  and  I  don't  know  if  any- 
one here  has  any  input  on  that.  One  of 
the  problems  is  you  really  can't,  I  don't 
think,  measure  the  NO2  in  the  expired 
gas,  because  the  NOj  that  is  being  gen- 
erated in  those  lung  regions  is  proba- 
bly being  taken  up,  so  there  could  be 
toxicity  that  would  not  be  reflected  by 
the  level  of  NOj  in  the  expired  gas. 
Actually,  I  just  gave  part  of  my  talk 
for  tomorrow,  so  maybe  you  can  sleep 
through  that  part  of  it. 

Gerlach:  Just  one  comment  to  the 
Drager  NOdomo  device.  It's  not  a 
technical  problem:  it's  just  a  problem 
of  approval.  Nowadays,  you  can  con- 
nect this  device  with  nearly  all  com- 
mercially available  ventilators.  So  it's 
definitely  connectable  to  the  Puritan- 
Bennett  ventilator,  to  the  Siemens  ven- 
tilators, and,  of  course,  to  the  Drager 
ventilators.  It  was  just  a  problem  of 
approval  that  they  were  not  allowed 
to  connect  the  interfaces. 

Branson:  I  think  that's  true.  How- 
ever, the  device  that's  sold  in  the 
United  States,  to  people  who  have  in- 
vestigational new  drug  numbers,  still 
remains  the  only  device  that  connects 
to  the  Drager.  But  yes,  there's  no  rea- 
son why  it  wouldn't  work  if  they  had 
the  proper  interface. 

Hess:  How  well  does  it  work  with 
changes  in  tidal  volume,  brealh-to- 


breath,  and  changes  in  flow  within  the 
breath,  such  as  with  pressure  support 
ventilation?  Can  it  keep  up  with  those 
kinds  of  changes  in  flow  and  maintain 
a  relatively  constant  INO  concentra- 
tion? 

Gerlach:  I  don't  have  the  exact  num- 
bers, but  we  tested  and  compared  the 
Siemens  300,  the  Drager  NOdomo  de- 
vice, and  the  so-called  Pulmonox  de- 
vice. The  NOdomo  and  Siemens  are 
more  or  less  comparable.  The  Siemens 
is  a  little  bit  better  in  constant  deliv- 
ery. The  Pulmonox  is  very  bad.  It  has 
variations  of  about  300%  up  and  down 
during  the  delivery  of  INO.  You  can't 
buy  this  device  any  more.  The  classic 
Pulmonox  device  is  out.  Now  they 
have  a  smaller  one,  called  Mini-Pul- 
monox  that  is  a  little  better  in  terms  of 
constant  delivery,  but  as  you  already 
mentioned,  it's  supplied  only  with 
electrochemical  monitoring.  Both  the 
NOdomo  and  Siemens  are  very  con- 
stant even  at  low  volumes,  for  instance, 
in  pediatric  patients  when  high  con- 
centrations are  used.  With  an  artificial 
lung  model,  changing  resistance  and 
compliance  with  extreme  variations, 
the  constant  signal  of  NO  in  both  de- 
vices is  very  good. 

Branson:  I  think  Sydow's  paper'  in 
C/ie.sr  evaluates  the  NOdomo.  It's  very 
accurate  with  pressure  support.  It  tends 
to  over-deliver,  I  think,  by  about 
5-10%,  but  I  don't  know  whether 
that's  an  issue.  The  Pulmonox  device 
is  sold  by  SensorMedics  here,  the  mini 
device,  here  in  the  United  States.  But 
they  only  use  it  for  neonates  and  pe- 
diatrics. It's  not  sold  for  adults. 
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Channick:  What  about  transport 
ventilators  and  INO  delivery?  What's 
the  state  of  the  art,  or  is  there  any? 


Branson:  I  don't  know  that  there  is 
any.  The  ventilator  is  not  so  important 
as  the  INO  delivery  device.  If  the  INO 
delivery  device  is  capable  of  monitor- 
ing the  flow  rates  within  the  range  of 
what  that  ventilator  produces,  then  you 
ought  to  be  able  to  deliver  nitric  oxide 
with  it.  We've  only  used  it  in  one  case, 
where  a  patient  went  to  angiography 
for  bleeding  from  pelvic  trauma  to  get 
bead  embolization  to  prevent  bleed- 
ing, and  the  patient  was  down  in  the 
CT  area  for  probably  9  hours.  We  had 
him  on  an  Impact  750  ventilator  mea- 
suring the  flow  and  delivering  INO 
just  like  we  would  with  any  other  ven- 
tilator, and  didn't  appear  to  have  any 
problem. 

Gerlach:  The  system  we  are  using 
is  the  Siemens  300,  which  doesn't  need 
any  additional  device  except  the  bot- 
tle with  the  primary  NO  gas.  For  in- 
stance, for  high  doses,  say,  100  ppm. 


we  often  hear  the  question  of  whether 
this  is  just  due  to  an  F|o,  reduction. 
However,  we  worked  with  and  are  still 
working  with  10,000  ppm  primary 
gases  for  dose-response  curves.  This 
is  a  bottle  of,  I  think,  two  liters.  All 
you  have  to  do  is  if  you  carry  the 
patient  on  a  rolling  bed,  then  you  just 
have  to  put  the  small  bottle  beside 
them.  Otherwise,  it's  the  same  device 
as  for  normal  ventilation. 

Hess:  An  issue  I  think  Rich  (Bran- 
son) brought  up  in  his  presentation  was 
that  the  commercial  Siemens  device 
measures  NO  in  the  expiratory  limb 
of  the  circuit.  Is  that  true?  Because  I 
think  that's  problematic.  The  NO 
should  be  measured  in  the  inspiratory 
limb  of  the  circuit,  because  the  NO  up- 
take varies  depending  on  the  disease. 

Gerlach:  The  commercially  avail- 
able system  has  a  monitoring  system 
with  an  electrochemical  cell  that  can 
be  connected  to  the  outflow  valve,  and 
you  can  also  connect  it  everywhere 
you  have  tubing  connectors:  you  can 
put  it  at  the  PEEP  valve  and  in  the 


inspiratory  limb.  But  this  is,  of  course, 
not  very  useful,  and  the  system  we 
used  was  an  additional  external  chemi- 
luminescence  analyzer. 

Branson:  In  the  device  from  Sie- 
mens, is  the  monitor  a  mainstream  sen- 
sor? Does  it  vacuum  off  the  gas,  or  is 
it  directly  in  line? 

Gerlach:  It's  a  mainstream  electro- 
chemical .sensor,  connected  with  a  two- 
liter  reservoir,  and  you  can  put  this 
between  the  valve  and  the  outflow,  or 
anywhere  between  the  tubing  and  the 
ventilator.  It's  like  a  COj  mainstream 
sensor. 

Branson:  I  think  the  issue  is  that 
it's  a  mainstream  monitor,  so  if  you 
try  to  put  it  in  the  inspiratory  limb, 
downstream  from  the  humidifier,  it's 
never  going  to  work  because  it's  al- 
ways going  to  be  wet,  which  is  why  I 
think  they  put  it  on  the  expiratory  side. 
You  could  put  it  on  top  of  the  humid- 
ifier, but  you  would  not  be  accurately 
measuring  any  NOj  formation  that  oc- 
curred downstream  of  that  site. 
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Introduction 

The  inflammatory  response  that  accompanies  a  serious 
infection  is  known  as  sepsis.'  When  this  inflammatory 
response  becomes  overwhelming,  septic  shock  (hypoten- 
sion and/or  a  need  for  inotropes)  can  occur.  Occasionally 
the  hypotension  becomes  persistent  and  unresponsive  to 
therapy,  a  condition  called  refractory  septic  shock.'  Al- 
though the  exact  incidence  of  sepsis  and  its  subcategories 
is  debatable,  it  is  estimated  that  as  many  as  300,000- 
500,000  people  develop  it  annually  in  the  United  States. '^ 
Unfortunately,  this  number  is  growing"*  for  a  variety  of 
reasons,  including:  (1)  an  aging  population,  (2)  increased 
use  of  immunosuppressive  agents,  (3)  more  invasive  pro- 
cedures, (4)  improved  survival  in  diseases  that  previously 
would  have  been  fatal,  and  (5)  the  emergence  of  more 
aggressive  and  resistant  pathogens.  This  increasing  trend 
is  cause  for  concern  because  sepsis  has  a  high  mortality 
rate:  depending  on  the  population  studied  and  the  defini- 
tion used,  estimates  of  sepsis  mortality  rate  range  as  high 
as  90%.  A  more  conservative  estimate  of  40%  is  frequently 
cited,  which  would  rank  sepsis  as  the  13th  leading  cause  of 
death  in  the  United  States.-^  This  translates  into  an  eco- 
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nomic  impact  in  U.S.  hospitals  alone  of  roughly  25  billion 
dollars  annually.*'  In  light  of  these  human  and  economic 
costs,  successful  intervention  strategies  have  tremendous 
opportunity  for  positive  impacts.  Unfortunately,  apart  from 
antibiotics,  removal  of  the  source  of  infection,  and  routine 
supportive  care,  no  single  approach  has  proven  to  consis- 
tently improve  outcome.  Recently  nitric  oxide  (NO)  has 
been  discovered  to  have  a  central  role  in  the  sepsis  syn- 
drome, and  our  growing  understanding  of  the  biological 
actions  of  NO  might  provide  important  advances  in  sepsis 
treatment. 

Sepsis  -  Inflammatory  Cascade 

The  inflammatory  response  in  sepsis  is  clinically  rec- 
ognized as  tachycardia,  tachypnea,  and  hypothermia  or 
hyperthermia  in  association  with  a  source  of  infection. 
Hemodynamically,  sepsis  patients  frequently  have  low  sys- 
temic vascular  resistance  (SVR)  and  high  cardiac  output, 
often  in  conjunction  with  mild  cardiac  depression  (de- 
creased left  ventricular  ejection  fraction  and  dilated  left 
ventricle).  When  the  response  is  severe,  hypotension  and 
unresponsiveness  to  vasopressors  ensue.  This  overwhelm- 
ing inflammatory  response  may  lead  to  death,  frequently 
as  a  result  of  multisystem  organ  failure,  which  includes  the 
central  nervous  system,  acute  lung  injury/acute  respiratory 
distress  syndrome,  acute  renal  failure,  liver  enzyme  ele- 
vations, disseminated  intravascular  coagulation,  and  the 
cardiovascular  system. 

There  are  several  mechanisms  by  which  this  inflamma- 
tory response  may  be  triggered.  A  simplified  schema  is 
presented  in  Figure  1 .  From  a  source  of  infection,  bacteria 
and/or  bacterial  products  (such  as  endotoxin^  in  the  case  of 
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Stimulus  (eg,  Ach,  Shear  stress) 


Smooth  Muscle  Cell 


Anti-inflammatory 

(e.g.  IL-4,  IL-6,  IL-10) 

Fig.  1.  A  simplified  representation  of  the  inflammatory  cascade  in 
sepsis.  Bacteria  and/or  their  products  enter  the  bloodstream  and 
activate  the  coagulation  and  complement  cascade,  as  well  as  cells. 
Many  pro-inflammatory  and  anti-inflammatory  mediators  are  then 
released,  each  of  which  have  positive  and  negative  feedback  loops. 
The  net  results  can  be  both  beneficial  or  harmful.  TNF  =  tumor 
necrosis  factor;  IL  =  interleukin;  PAR  =  platelet  activating  factor; 
NO  =  nitric  oxide;  PMNs  =  polymorphonuclear  cells. 


Gram-negative  bacteria)  enter  the  bloodstream  and  acti- 
vate plasma  factors  (coagulation  and  complement  cascades) 
and  cellular  components  (neutrophils,  macrophages,  endo- 
thelial cells).  The  cellular  components  release  mediators 
and  molecules  such  as  tumor  necrosis  factor  a  (TNFa), 
interleukin  1  (IL-1),  kinins,  eicosinoids,  platelet  activating 
factor,  and  NO.  which  have  several  positive  and  negative 
feedback  loops.  The  inflammatory  cascade  is  important  for 
host  defense  and  is  one  of  the  body's  natural  means  of 
self-protection.  However,  when  this  cascade  is  excessively 
expressed  it  may  lead  to  multisystem  organ  failure  and 
death.  This  makes  treatment  difficult  because  blocking 
certain  stages,  in  an  effort  to  prevent  morbidity  and  mor- 
tality, inhibits  host  defense  mechanisms  and  can  therefore 
adversely  affect  outcome.  Perhaps  this  double-edged  sword 
situation  explains  why  no  novel  therapies  have,  so  far, 
proven  to  be  effective  for  all  patients.'' 

Inflammatory  Cascade  -  Central  Role  of  NO 

NO  and  its  products  have  been  documented  in  vitro,'** 
in  animal  models,'  and  in  vivo'°  under  septic  conditions, 
and  NO  is  believed  to  be  largely  responsible  for  many  of 
the  pathologic  sequelae  of  sepsis,  including  vasodilatation, 
myocardial  depression,  vasopressor  resistance,  and  loss  of 
hypoxic  pulmonary  vasoconstriction." 

NO  is  produced  in  a  variety  of  cells  in  the  presence  of 
the  enzyme  NO  synthase  (NOS)  (Fig.  2).  To  produce  NO, 
NOS  hydroxylates  the  nonessential  amino  acid  L-arginine 
and  converts  it  to  L-citrulline.  There  are  a  few  types  of 


Stimulus  (e.g.  LPS,  IL-1,  TNFa,  PAF) 


Kills  Invaders, 
Pathogenesis  of 
Septic  Shock 


Fig.  2.  Nithc  oxide  (NO-)  is  produced  in  a  variety  of  cells  from  the 
nonessential  amino  acid  L-arginine,  which  is  converted  to  L-cit- 
rulline in  the  presence  of  NOS.  There  are  a  few  types  of  nitric  oxide 
synthase  (NOS).  One  type,  constitutive  NOS  (cNOS),  produces 
small  amounts  of  NO  for  brief  periods  in  response  to  a  variety  of 
stimuli,  including  acetylcholine  (Ach)  and  shear  stress.  The  other 
type,  inducible  NOS  (iNOS),  is  produced  upon  stimulation  by  an- 
other variety  of  factors,  including  lipopolysaccharide,  interleukin-1 
(IL-1),  tumor  necrosis  factor  a  (TNFa),  and  platelet  activating  fac- 
tor. In  smooth  muscle  cells,  NO  binds  to  soluble  guanylate  cyclase 
(sGC),  causing  the  conversion  of  guanosine  triphosphate  (GTP) 
into  cyclic  guanidine  monophosphate  (cGMP),  which  causes  va- 
sodilation. NO  has  a  variety  of  other  roles,  including  killing  invad- 
ing micro-organisms  and  tumor  cells,  and  it  plays  a  large  part  in 
the  inflammatory  cascade  associated  with  sepsis  and  subsequent 
septic  shock. 


NOS,  however,  for  the  sake  of  this  discussion  we  will 
mention  2  main  types. '  -  The  first,  constitutive  NOS  (cNOS), 
is  found  in  endothelial  cells  and  is  calcium/calmodulin- 
dependent,  releasing  small  amounts  of  NO  for  brief  peri- 
ods of  time.  The  NO  produced  passes  to  neighboring  vas- 
cular smooth  muscle  cells  where  soluble  guanylate  cyclase 
(sGC)  is  stimulated,  leading  to  the  production  of  cyclic 
guanidine  monophosphate  (cGMP)  and  resulting  in  relax- 
ation and  vasodilatation.  The  NO  created  by  cNOS  is  es- 
sential for  the  regulation  of  blood  flow  throughout  the 
body.  The  other  type  of  NOS  is  inducible  NOS  (iNOS), 
which  is  calcium/calmodulin  independent.  It  is  produced 
in  a  variety  of  cell  types,  including  neutrophils,  hepato- 
cytes,  myocardial  cells  and  vascular  smooth  muscle  cells 
following  stimulation  by  a  variety  of  mediators  such  as 
endotoxin  of  Gram-negative  bacteria,  TNFa  and  IL-1. 
iNOS  produces  large  amounts  of  NO  for  prolonged  peri- 
ods of  time.  Although  this  high  output  NO  production  may 
be  important  for  host  defense,  it  also  has  a  role  in  the 
vascular  collapse  and  end-organ  damage  associated  with 
sepsis." 

NO  Blockade 


Because  NO  plays  a  key  role  in  the  pathologic  conse- 
quences of  sepsis,  it  seems  logical  to  search  for  pharma- 
cologic agents  that  block  NO  production  or  prevent  its 
actions.  Agents  that  compete  with  L-arginine,  such  as  N*^'- 
nitro-L-arginine  methyl  ester  (L-NAME),  N°-mono- 
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methyl-L-arginine  (L-NMMA),  or  N'"-nitro-L-arginine 
(L-NNA)  block  both  iNOS  and  cNOS,  leading  to  reduced 
NO  production.  The  beneficial  effects  of  these  L-arginine 
analogs  in  septic  shock  have  been  much  debated.  Selective 
inhibition  of  NO  produced  from  iNOS  can  be  achieved 
with  agents  such  as  glucocorticoids,  aminoguanidine,  S- 
methylisothiourea  sulfate  and  mercaptoethylguanidine. 
Methylene  blue  blocks  sGC  so  that  the  vasodilatory  effects 
of  NO  are  attenuated  while  its  production,  at  least  partly, 
continues.  Another  way  that  NO  can  be  blocked  is  by 
agents  that  scavenge  NO;  for  example,  hemoglobin  quickly 
binds  to  NO  and  in  the  process  deactivates  it. 

NO  Blockade  In  Experimental  Sepsis 


may  take  several  hours,^^  so  if  the  target  of  NO  inhibition 
is  the  massive  NO  release  caused  by  endotoxin,  delayed 
use  of  nonselective  NO  blockers  seems  reasonable.  Laszlo 
et  al  studied  endotoxin-induced  NO  release  and  found  that 
L-NAME  was  more  effective  in  blocking  NO  production 
if  the  L-NAME  was  administered  3  hours  after  the  endo- 
toxin than  if  the  L-NAME  and  endotoxin  were  adminis- 
tered simultaneously.-^  However,  others  have  shown  that 
delaying  inhibition  does  not  prevent  reductions  in  regional 
blood  flow.24 

In  summary,  in  animal  models  nonselective  NO  inhibi- 
tion increases  arterial  pressure  and  SVR,  but  negatively 
impacts  cardiac  output,  end-organ  perfusion,  pulmonary 
pressures,  end-organ  damage,^-''  and  mortality. 


Using  a  pig  model  of  endotoxic  shock,  Cohen  et  al'^ 
found  that  L-NAME  (administered  after  the  development 
of  hypotension)  increa.sed  mean  arterial  pressure  and  SVR. 
Unfortunately,  the  L-NAME  also  caused  a  reduction  of 
cardiac  output,  oxygen  delivery,  and  gastric  intramucosal 
pH  (a  marker  of  tissue  oxygenation).  These  adverse  effects 
were  believed  to  be  largely  related  to  the  marked  increase 
in  pulmonary  artery  pressure  and  resulting  right  ventricu- 
lar failure  that  occurred.  Others  have  also  shown  that  non- 
selective NOS  inhibition  (blockade  of  both  iNOS  and 
cNOS)  can  cause  a  substantial  increase  in  pulmonary  ar- 
tery pressure. '"♦  However,  Kilboum  et  al  found  that  the 
reduction  in  cardiac  output  caused  by  nonselective  NOS 
inhibition  can  be  offset  by  inotropes.'^  This  implies  that 
nonselective  NO  blockade  may  be  successful  when  used  in 
conjunction  with  other  agents. 

Tissue  oxygenation  is  highly  dependent  on  cardiac  out- 
put and  reports  indicate  that  oxygenation  and  cardiac  out- 
put are  both  jeopardized  by  nonselective  NO  block- 
ade.'^•"'-"  Henderson  et  al '^  studied  the  effect  of  L-NMMA 
and  L-arginine  (substrate  for  NO)  on  blood  flow  in  the 
carotid,  renal,  and  superior  mesenteric  arteries,  and  distal 
aorta  in  endotoxic  dogs.  Blood  flow  in  all  these  vessels 
was  significantly  reduced  by  L-NMMA,  and  restoration  of 
NO  with  L-arginine  improved  flow.  This  suggests  that 
nonselective  NO  inhibition  affects  basal  NO  production 
that  can  be  crucial  for  the  maintenance  of  regional  blood 
flow. 

Perhaps  most  importantly,  mortality  has  increased  in 
some  animal  models  with  nonselective  NO  inhibition, '■'■-"■- ' 
though  this  outcome  may  largely  be  dependent  on  the  dose 
utilized.  Cobb  et  al  used  an  endotoxic  dog  model  to  study 
the  effect  of  different  doses  of  L-NMMA  infused  over 
several  hours.''*  They  found  that  low  dose  (Img/kg/h)  L- 
NMMA  appeared  to  increase  70-hour  survival,  though  the 
increase  was  not  statistically  significant.  Higher  doses  (10 
mg/kg/h)  of  L-NMMA  significantly  increased  mortality. 

Not  only  is  the  dosage  important,  but  so,  it  appears,  is 
the  timing  of  its  administration.  The  upregulation  of  iNOS 


Metliylene  Blue 

Methylene  blue  may  provide  a  means  of  counteracting 
the  vascular  effects  of  NO  without  inhibiting  other  NO 
effects.  Methylene  blue  blocks  sGC,  the  target  enzyme  of 
NO,  which  occurs  in  vascular  smooth  muscle  cells.  Zhang 
et  al  have  reported  that  methylene  blue  increases  pulmo- 
nary and  systemic  pressures  and  resistances  in  lipopoly- 
saccharide-challenged  dogs,  and  that  in  low  doses  meth- 
ylene blue  improved  mesenteric  and  femoral  blood  flows.-'' 
However,  high  doses  of  methylene  blue  reduced  systemic 
pressure  further  and  impaired  regional  flow. 

Selective  iNOS  Inhibition 

The  potential  benefit  of  selective  iNOS  inhibition  is  that 
basal  cNOS-mediated  NO  release  is  preserved  and  its  role 
in  homeostasis  is  maintained.  This  may  allow  for  hemo- 
dynamic improvements  without  the  adverse  effects  caused 
by  nonselective  NOS  inhibition.  Pretreatment  with  dexa- 
methasone  can  prevent  the  induction  of  iNOS  in  anaesthe- 
tized rats  with  endotoxic  shock. ^^-^^  Wright  et  al  found  that 
pretreatment  with  dexamethasone  prevents  the  late  fall  in 
blood  pressure  caused  by  lipopolysaccharide  in  rabbits." 
However,  this  could  not  overcome  the  detrimental  effects 
of  nonselective  NOS  inhibition  caused  by  L-NMMA.  In 
fact,  the  same  group  demonstrated  that  the  NO  donor  S- 
nitroso-N-acetyl-penicillamine  can  prevent  the  adverse  he- 
modynamic changes  associated  with  endotoxin  and  endo- 
toxin together  with  L-NMMA.  Together,  these  findings 
suggests  that  basal  NO  is  important  for  homeostasis  and 
survival. 

Aranow  et  al  found  that  selective  inhibition  of  NO  with 
S-methylisothiourea  sulfate  in  rats  with  bacterial  peritoni- 
tis improved  early  and  late  (160-hour)  survival  compared 
to  nonselective  inhibition  with  L-NAME  and  NO  scaveng- 
ing by  cross-linked  hemoglobin. 2''  Others  have  also  found 
that,  unlike  nonselective  inhibition,  selective  iNOS  inhi- 
bition does  not  worsen  animal  (rat)  survival.^"  In  sum- 
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mary,  selective  iNOS  inhibition  appears  to  have  merit  over 
nonselective  NOS  inhibition,  probably  because  basal  NO 
production  (mediated  by  cNOS)  is  preserved. 

Clinical  Studies  Involving  Inhibitors  of  NOS  and 
Guanylate  Cyclase 

Because  of  the  lack  of  options  for  patients  with  intrac- 
table septic  shock,  use  of  nonselective  NOS  and  sGC  in- 
hibitors has  moved  quickly  from  laboratory  animal  studies 
into  clinical  practice.  Petros  et  al  have  described  the  non- 
selective inhibition  of  NOS  in  2  patients  with  inotrope- 
resistant  septic  shock. ""  They  gave  L-NMMA  in  doses  of 
0.3  mg/kg  and  1.0  mg/kg  and  found  rapid  transient  in- 
creases in  mean  arterial  pressure  and  SVR,  which  allowed 
for  reduction  of  the  dosage  of  inotropes.  One  of  the  2 
patients  died  (perhaps  not  unexpectedly)  2  days  later  of 
multisystem  organ  failure.  However,  the  other  patient's 
blood  pressure  stabilized,  inotropes  were  discontinued,  and 
the  patient  survived.  Other  investigators  have  attempted 
more  prolonged  use  of  nonselective  NOS  inhibitors  (L- 
NAME  for  12  hours  and  24  hours),  and  have  similarly 
found  increases  in  mean  arterial  pressure  and  SVR.^'^.^s 
Both  of  these  studies  were  uncontrolled,  so  it  is  difficult  to 
put  the  high  observed  mortality  rate  into  context  since  the 
patient  population  was  considered  extremely  ill.  In  a  study 
by  Avontuur  et  al,  1 1  patients  with  unresponsive  septic 
shock  received  L-NAME  at  a  dose  of  1  mg/kg/h  for  12 
hours. "*-  Because  NO  inhibition  can  reduce  cardiac  output, 
only  patients  with  a  cardiac  index  >  S.O/L/min/m""  were 
selected  for  this  study.  Most  alarming  from  this  study  was 
the  marked  increases  in  pulmonary  artery  pressures  and 
reduction  in  cardiac  output  and  oxygen  delivery  that  co- 
incided with  the  rises  in  mean  arterial  pressure  and  SVR. 
Other  studies  by  the  same  group  have  confirmed  that  L- 
NAME  in  the  dosage  range  of  1.0-1.5  mg/kg/h  has  neg- 
ative effects  on  cardiopulmonary  function.'"'-'''  Kiehl  et  al 
did  not  observe  these  detrimental  effects  with  lower  doses 
of  L-NAME  in  patients  with  refractory  shock  associated 
with  hematological  malignancies.'''  In  this  study,  L-NAME 
was  infused  at  0.3  mg/kg/h  for  24  hours  in  10  patients  with 
inotrope-dependent  septic  shock  (certain  patients  received 
L-NAME  for  as  long  as  96  hours,  according  to  individual 
requirements).  Arterial  pressure,  SVR,  and  left  ventricular 
stroke  work  index  all  increased  above  baseline  values  (with 
a  concomitant  decrease  in  vasopressors).  Five  of  the  pa- 
tients died  during  L-NAME  treatment,  between  28  and  94 
hours.  In  the  remaining  5  patients  L-NAME  infusion  was 
stopped  after  27  to  84  hours,  when  the  patients  again  be- 
came responsive  to  vasopressor  drugs.  Two  of  the  patients 
survived.  This  study  suggests  that  low  doses  of  nonselec- 
tive NOS  inhibitors  can  be  effective  and  avoid  the  adverse 
effects  associated  with  higher  doses. 


In  a  preliminary  report  on  2  patients  with  septic  shock, 
methylene  blue  increased  arterial  pressure  and  SVR,  and 
slightly  decreased  cardiac  index,  without  changing  heart 
rate  or  pulmonary  artery  occlusion  pressure."'  Although 
some  hemodynamic  improvements  occurred,  both  patients 
ultimately  died  of  multisystem  organ  failure.  Preiser  et  al 
administered  methylene  blue  (at  2  mg/kg)  to  14  patients 
with  inotrope-dependent  septic  shock  and  made  observa- 
tions over  90  minutes.'^  They  observed  an  increase  in 
arterial  pressure  and  left  ventricular  stroke  work  index, 
with  no  significant  effect  on  pulmonary  or  arterial  pres- 
sure, cardiac  filling  pressure,  cardiac  output,  or  oxygen 
delivery/consumption.  Daemen-Gubbels  et  al  reported  that 
in  9  patients  with  septic  shock  a  single  dose  of  methylene 
blue  can  transiently  increase  mean  arterial  pressure,  car- 
diac index,  pulmonary  artery  pressure,  left  and  right  ven- 
tricular stroke  work  index,  and  oxygen  delivery  and  con- 
sumption.'** 

In  summary,  these  preliminary  studies  indicate  that  non- 
selective NOS  inhibition  and  blocking  the  action  of  NO  at 
sGC  can  increase  mean  arterial  pressure  and  SVR  in  pa- 
tients with  severe  sepsis.  However,  it  appears  that  high 
dose  nonselective  NOS  inhibition  also  causes  an  increase 
in  pulmonary  artery  pressure  and  decrease  in  cardiac  out- 
put, which  can  impact  regional  organ  flow  and  oxygen 
delivery.  These  latter  effects  are  the  greater  concern  in 
sepsis  because  the  major  goal  is  to  preserve  oxygen  de- 
livery and  prevent  multisystem  organ  failure.  Thus,  many 
investigators  are  studying  the  effects  of  NO  donors  in 
septic  models,  and  finding  improvements  in  regional  blood 
flow  and  even  mortality. ''"''^ 

Summary 

NO  plays  an  important  role  in  the  inflammatory  cascade 
and  clinical  complications  associated  with  sepsis.  Endog- 
enous production  of  NO  and  its  mechanisms  of  action  can 
be  blocked  in  several  ways,  and  early  animal  and  human 
research  has  demonstrated  that  NO  blockade  can  reverse 
some  of  the  adverse  effects  of  sepsis.  However,  NO  also 
performs  certain  vital  functions,  and  clinicians  should  ap- 
proach this  therapy  extremely  cautiously.  Further  controlled 
clinical  trials,  dose  response  studies,  and  research  on  se- 
lective iNOS  inhibition  and  NO  donors  are  needed  to  shed 
more  light  on  this  important  topic. 
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Discussion 

Rich:  This  is  an  area  in  which  I've 
developed  quite  an  interest,  particu- 
larly in  the  laboratory.  In  your  opin- 
ion, as  a  clinician  who  takes  care  of 
septic  patients,  does  modeling  this  con- 
dition by  injecting  a  single  dose  of 
lipopolysaccharide  to  rats  mimic  the 
clinical  condition? 

Stewart:  1  have  not  done  much  work 
in  the  animal  lab,  but  there  are  marked 
limitations  to  animal  models.  As  you 
know,  a  lot  of  them  are  hypodynamic 
models  of  shock,  and  patients  usually 
present  with  hyperdynamic  sepsis.  It's 
interesting  to  note  that  that  was  a  big 
concern,  but  a  lot  of  investigators  have 
tried  to  model  and  study  hyperdynamic 
models,  such  as  in  an  awake  sheep', 
or  Mitch  Fink's  group",  who  implanted 
E-coli  into  abdomens,  and  they're  still 
seeing  the  same  bad  effects,  at  least 
with  nonselective  NOS  inhibition. 
Certainly  I'm  not  an  expert  on  animal 
models.  What  are  your  comments, 
George? 
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Rich:  I  think  first  of  all  you  have  to 
realize  that  lipopolysaccharide  creates 
an  inflammation  model  rather  than  an 
infection  model.  You  also  have  to  con- 
sider that  the  response  of  a  rat  is  going 
to  be  significantly  different  than  that 
of  a  human.  1  think  the  model  is  great 


for  comparing  nonselective  NOS  in- 
hibitors and  relatively  selective  iNOS 
inhibitors.  It's  a  good  first  step  for 
looking  at  some  of  these  results,  but  I 
am  curious  as  to  how  really  clinically 
relevant  it  is  in  your  opinion. 

Stewart:  All  the  studies  in  sepsi.s — 
it's  the  same  problem.  We  say  there's 
a  lot  more  work  we  have  to  do  before 
we  apply  it  to  the  bedside,  but  people 
working  in  the  animal  lab  will  remind 
us  that  animal  models  are  different  than 
humans,  so  until  we  start  doing  hu- 
man studies,  we're  never  going  to 
know  the  truth.  I  don't  know  the  best 
timing  to  move  to  the  bedside.  What 
do  you  think,  Ron? 

Pearl:  1  have  real  concerns  about 
animal  models  of  sepsis.  They  are  usu- 
ally hypodynamic  models.  When 
we're  talking  about  interventions  that 
are  vascular  in  nature,  when  you're 
concerned  about  what  you're  doing  to 
cardiac  output,  it's  very,  very  differ- 
ent if  we  talk  about  using  vasocon- 
strictor-type agents  (in  this  case  NOS 
inhibition)  in  the  hypodynamic  versus 
hyperdynamic  model.  Having  said 
that,  I've  been  impressed  that  the  data 
seem  to  be  transferring,  at  least  for  the 
nonselective  inhibition.  The  Glaxo/ 
European  study  has  been  presented  in 
multiple  forums,  and  clearly  inhibi- 
tion was  not  useful.  So  the  lessons 
may  well  be  true  if  we  find  something 
useful  in  animal  models,  and  certainly 
the  selective  inhibitors  now  from  mul- 
tiple different  groups  seem  to  be  use- 
ful in  animal  models.  Whether  those 
positive  effects  will  transfer  over  to 
the  clinical  side,  I  think  we'll  have  to 
wait  and  see. 

Stewart:  I  want  to  caution  people. 
The  results  of  this  study  are  going  to 


come  out  and  everyone's  going  to  say 
"You  see!  It  doesn't  work."  The  same 
things  were  said  with  inhaled  nitric 
oxide.  As  a  clinician  at  the  bedside,  I 
still  feel  that  if  I  know  blood  pressure 
can  come  up  and  SVR  can  come  up,  I 
think  I  could  comfortably  use  it  as 
long  as  I'm  observing  the  effects  on 
oxygen  delivery,  pulmonary  pressures, 
and  am  able  to  respond  to  those  things. 

Pearl:  In  terms  of  saying  whether 
the  clinical  studies  were  completely 
negative  or  not  is  just  like  with  nitric 
oxide  and  ARDS:  what  patients  are 
you  entering?  In  order  to  do  studies  of 
septic  shock  and  get  reasonable  num- 
bers, what  you  do  is  enter  the  normal 
patient  in  septic  shock,  which  is  very 
different  from  talking  about  the  re- 
fractory septic  shock  patient  who  has 
no  blood  pressure  despite  high  doses 
of  inotropes.  It  may  well  be  that  nitric 
oxide  inhibition  will  have  a  role  in 
that  setting. 

Stewart:  We're  going  down  the  ex- 
act same  road  a  couple  years  after  the 
initial  NO  studies,  and  we're  going  to 
be  saying,  "Hey,  the  dose  was  wrong," 
or  "The  timing  of  the  intervention  was 
wrong,"  or  "You  clinicians  didn't  think 
about  oxygen  delivery."  So,  we're  go- 
ing to  do  those  things,  but,  fortunately 
now,  we're  going  to  have  a  bunch  of 
other  thing.s — selective  inhibition  and 
NO  donors — to  put  into  that  whole 
soup. 

Head:  Nice  presentation,  Tom.  L- 
NAME  is  a  nonselective  NO  blocker, 
as  you  talked  about,  but  it  also  has 
other  effects  besides  vasoconstriction, 
such  as  effects  on  platelets  and  on 
white  cells.  So  it  may  actually  increase 
platelet  aggregation  and  platelet  adhe- 
sion, and,  in  fact,  may  increase  the 
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possibility  of  white  cell  invasion.  So, 
how  do  you  address  those  issues? 

Stewart:  That's  a  good  point.  In  fact 
when  our  manuscript  went  out,  one  of 
the  concerns  of  the  reviewers  was  just 
that:  clearly  we  had  worsened  lung 
inflammation  and  injury  in  the  rats  that 
got  L-NAME,  and  maybe  it  was  a  di- 
rect effect  of  just  L-NAME  rather  than 
the  blockade  of  NO  itself  that  caused 
this  inflammation.  So  I  can't  answer 
it.  There's  still  a  long  way  to  go. 

Hurford:  One  way  of  getting  around 
the  acute  blockade  effects  in  trying  to 
tease  out  the  cell  biology,  of  course,  is 
the  use  of  knockout  mice  for  the  var- 
ious NOS  isozymes.  The  preliminary 
work  suggests  that  you  get  a  similar 
effect  with  knocking  out  the  enzyme 
as  you  do  overall  with  enzyme  inhi- 
bition. There  are  minor  differences, 
but  on  the  major  end-organ  outcomes, 
like  death,  it  seems  to  be  relatively  the 
same.  One  question  I'd  like  you  to 
cover  in  a  little  more  detail  is  what  do 
you  think  is  the  role  is  of  inhaled  ni- 
tric oxide  combined  with  NOS  inhi- 
bition, and  also,  given  what  we've 
learned  about  altering  dose-response 
curves,  how  might  the  dose-response 
curves  be  altered  either  by  sepsis  or 
by  NO  inhibition? 

Stewart:  The  second  one  I  don't 
think  I  can  answer.  The  first  one,  I 
think  when  I  talk  about  NO  or  debate 
about  NO,  I  remind  people  that  there 
are  lots  of  potential  roles  for  NO.  When 
I  was  working  with  Jean  Jacques  Rou- 
by's  group'  we  saw  that  NO  was  ac- 
tually able  to  reduce  the  increase  in 
pulmonary  vascular  resistance  and  pul- 
monary pressures  associated  with  per- 
missive   hypercapnia.    In    the    same 


sense,  NO  may  be  very  valuable  for 
preventing  the  increase  in  pulmonary 
pressure  associated  with  nonselective 
NOS  inhibition.  And,  as  we've  seen, 
at  least  in  endotoxic  animal  models, 
and  probably  in  humans,  NO  is  vital 
for  the  prevention  of  increased  pul- 
monary vascular  resistance  associated 
with  endotoxic  animals.  So  basal  NO 
is  important.  We're  restoring  basal  NO 
by  giving  inhaled  NO.  So  I  look  for- 
ward to  hearing  the  results  of  studies 
looking  at  L-NAME  versus  L-NAME 
plus  inhaled  NO  in  patients  who  have 
refractory  septic  shock,  where  there 
certainly  is  a  role  for  life-saving  non- 
selective NOS  inhibition. 
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Gerlach:  In  some  patients  we  once 
tried  to  combine  nonselective  NOS 
blockers  and  inhaled  NO.  We  didn't 
see  any  beneficial  effects.  The  only 
thing  we  could  see  was  that  the  in- 
crease in  pulmonary  artery  pressure 
by  the  blockade  was  overwhelming, 
so  that  you  can't  overcome  this  with 
inhaled  NO.  If  there's  a  dose-response 
curve  change,  it's  to  the  right,  ie,  you 
would  need  much  more  inhaled  NO. 

Stewart:  And  that's  a  point  based 
on  one  of  your  slides  yesterday.  Maybe 
high  dose  NO  in  that  setting  would  be 
good  because  you'd  want  the  NO  to 
get  to  the  areas  that  are  not  well  ven- 
tilated so  that  it  could  have  more  sys- 
temic effect. 


Channick:  Hasn't  there  been  an  ar- 
gument that  in  septic  patients,  there's 
so  much  NO  circulating  that  the  ad- 
dition of  inhaled  NO  is  not  going  to 
have  much  of  a  benefit? 

Stewart:  I  think  you're  right.  In  a 
septic  patients,  especially  those  with  a 
lower  pulmonary  vascular  resistance, 
I've  seen  that  inhaled  NO  is  less  ef- 
fective. In  fact,  some  actually  worsen 
oxygenation.  But,  now  we're  talking 
about  a  septic  patient  who  has  NO 
blockade.  I  think  that's  a  completely 
different  story.  Inhaled  NO  may  play 
a  valuable  role  in  that  setting. 

Gerlach:  The  rationale  was  not  to 
fight  against  the  sepsis.  These  were 
patients  with  severe  hypoxemia,  and, 
because  the  NO  wouldn't  work  so  well, 
the  idea  was  first  to  induce  a  vasocon- 
striction and  then  a  local  vasodilation 
to  make  these  V^/Q  effects  more  ef- 
fective, but  it  didn't  work. 

Hurford:  In  a  study  that  Irene  Ro- 
vira  published  in  the  Journal  of  Ap- 
plied Physiology,^  she  did  a  similar 
combination  in  a  sheep  model  where 
L-NAME  was  given  in  combination 
with  NO,  and  they  reported  a  reduc- 
tion in  the  pulmonary  artery  hyperten- 
sion that  was  secondary  to  the  L- 
NAME  as  well,  and  somewhat  of  an 
augmenting  of  the  salutary  effects,  if 
you  will,  of  NO  on  gas  exchange — 
sort  of  justifying  your  attempt  at  do- 
ing it  in  the  patient. 
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Introduction 

In  1967  attention  was  drawn  to  the  acute  toxicity  of 
inhaled  nitric  oxide  (INO)  when  2  cases  of  poisoning  were 
reported  after  the  iatrogenic  administration  of  INO  from 
contaminated  nitrous  oxide  cylinders  during  anesthesia.' 
Following  discoveries  during  the  past  10  years  that  NO 
has  numerous  biological  effects,  clinical  and  academic  in- 
terest has  moved  from  concern  over  environmental  and 
public  health  issues  into  research  on  the  cellular  biology 
and  physiology  of  nitric  oxide  (NO).  NO's  effects  range 
between  life-saving  and  toxic,  and  therapeutic  applications 
of  INO  are  now  being  extensively  investigated  by  acute 
care  clinicians.  With  the  increasing  investigational  use  of 
INO,  the  issue  of  iatrogenic  toxicity  has  again  become 
clinically  important. 

Two  studies  have  reported  follow-up  of  patients  treated 
with  INO.  Ro.senberg  et  al-  conducted  1-year  and  2-year 
follow-up  of  a  cohort  of  51  infants  with  persistent  pulmo- 
nary hypertension  of  the  newborn  (PPHN)  who  were  treated 
with  INO.  Many  of  these  infants  required  oxygen  (Oj) 


therapy  at  home  and  many  had  reactive  airways  disease. 
However,  neurodevelopmental  outcome  for  this  high-risk 
group  of  infants  was  good.  Moreover,  the  medical  and 
neurodevelopmental  outcomes  were  similar  to  reports  of 
infants  with  PPHN  managed  conventionally  or  with  extra- 
corporeal membrane  oxygenation.  Luhr  et  al^  evaluated 
the  pulmonary  function  of  16  previously  healthy  survivors 
of  acute  respiratory  distress  syndrome  (ARDS)  who  were 
treated  with  INO  during  the  acute  episode.  Patients  were 
evaluated  >  8  months  (>  15  months  in  all  but  one)  after 
the  acute  event.  Measurable  pulmonary  impairment  was 
common  (Fig.  1 ),  but  did  not  differ  markedly  from  other 
published  studies  on  pulmonary  function  following  ARDS. 
No  late  unexpected  major  abnormalities  due  to  INO  could 
be  identified  in  these  survivors. 


Adverse  Effects  of  INO 


Lack  of  Response 
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Although  not  necessarily  an  adverse  effect,  it  is  recog- 
nized that  some  patients  fail  to  respond  to  INO  with  an 
improvement  in  arterial  oxygen  tension  (P^q,)  or  pulmo- 
nary vascular  resistance.  About  40%  of  ARDS  patients 
have  no  initial  improvement  in  Pao/Fio,  ('"'it'o  of  arterial 
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Fig.  1 .  Results  of  pulmonary  function  tests  in  1 6  previously-healthy  adult  patients  who  were  treated  with  INO  and  survived  ARDS.  With  the 
exception  of  a  mild  reduction  of  diffusing  capacity  of  carbon  monoxide  (DLCO),  pulmonary  function  is  essentially  normal.  (From  Reference 
3,  with  permission.) 


oxygen  tension  to  fraction  of  inspired  oxygen)  or  improve- 
ment of  pulmonary  vascular  resistance  of  at  least  20%.'*"** 
In  a  phase  II  trial  of  INO  for  ARDS,  60%  of  patients  had 
an  increase  in  Pj,o,  —  20%.^  Similar  results  have  been 
reported  for  hypoxemic  respiratory  failure  in  the  new- 
bom. '"-'^  Oriot  et  al"*  reported  a  paradoxical  response  to 
INO  in  a  newborn  infant,  in  whom  there  was  a  worsening  of 
arterial  oxygenation  with  INO  doses  of  7  parts  per  million 
(ppm)  and  15  ppm. 

Barbera  et  al"  and  Katayama  et  al'*  reported  worsening 
of  hypoxemia  in  patients  with  chronic  obstructive  pulmo- 
nary disease  (COPD)  who  received  INO  at  40  ppm;  this 
was  explained  as  reversal  of  hypoxic  pulmonary  vasocon- 
striction in  patients  with  areas  of  low  ventilation/perfusion 
ratio  (V/Q)  (Fig.  2).  Roger  et  al'^  reported  a  decrease  in 
the  P^o,  of  at-rest  COPD  patients  receiving  INO  at  40 
ppm,  but  during  exercise  INO  prevented  a  decrease  in  P^q^ 
in  these  patients.  This  effect  was  attributed  to  preferential 
distribution  of  INO  during  exercise  to  well-ventilated  al- 
veolar units  with  faster  time  constants  and  normal  V/Q. 
The  results  of  Yoshida  et  al"*  suggest  that  pulmonary  vas- 
cular resistance  and  P^^q  can  improve  if  INO  is  combined 
with  O2  in  COPD  patients.  The  latter  results  can  be  ex- 
plained by  the  experimental  results  of  Hopkins  et  al,'**  who 
examined  the  effects  of  INO  (at  80  ppm)  in  dogs.  They 
found  that  INO  did  not  affect  P^q,  '"  dogs  with  normal 
lungs,  increased  Pj,o,  in  dogs  with  shunt,  and  in  dogs  with 
low  V/Q  the  response  was  variable,  with  an  improvement 
in  P^Q^  in  some  (3  animals)  and  worsening  of  P^q,  in  others 
(5  animals).  This  suggests  that  INO  may  be  contraindi- 
cated  for  patients  with  hypoxemia  that  is  due  to  low  V/Q 
rather  than  shunt. 


Platelet  Inhibition 

Mellion  et  al-"  and  Radomski  et  aP'  found  that  NO 
inhibits  platelet  aggregation.  In-vitro  studies  have  shown 
that  NO  inhibits  platelet  aggregation  by  activating  guan- 
ylate  cyclase  and  thereby  increasing  platelet  cyclic  guani- 
dine  monophosphate. -2-25  This  results  in  inhibition  of  plate- 
let adhesion,  aggregation,  and  agglutination,  which  has 
been  demonstrated  in  animal  models  of  INO-''-^^  and  in- 
vitro  models  in  which  plasma  from  healthy  volunteers  and 
patients  with  ARDS  was  exposed  to  NO.^** 

The  effect  of  INO  on  bleeding  time  was  examined  in 
several  studies  by  Hogman  et  aP'-^o  In  rabbits  that  re- 
ceived INO  at  30  ppm  and  300  ppm,  bleeding  time  in- 
creased at  1 5  minutes  by  46%  with  30  ppm,  and  by  72% 
with  300  ppm.'"  When  healthy  volunteers  were  exposed  to 
30  ppm  INO  for  1 5  min,  bleeding  time  increased  by  11)% P 
Cries  et  al""  reported  that  INO  at  5-80  ppm  had  a  systemic 
and  rapidly  reversible  inhibitory  effect  on  platelet  aggre- 
gation after  acute  massive  pulmonary  embolism  in  pigs. 

Samama  et  al  studied  the  effect  of  INO  on  platelet  ag- 
gregation in  ARDS  patients.'^  platelet  function  and  bleed- 
ing time  were  examined  in  six  patients  with  INO  randomly 
administered  at  1  ppm,  3  ppm,  10  ppm,  30  ppm,  and  100 
ppm.  Platelet  aggregation  and  agglutination  were  signifi- 
cantly decreased  at  each  INO  dose.  The  INO-induced  in- 
hibition of  platelet  function  was  not  dose-dependent.  How- 
ever, the  antithrombotic  effect  was  not  associated  with  a 
change  in  bleeding  time  (Fig.  3). 

George  et  al""'  studied  the  effect  of  INO  on  bleeding 
time  and  platelet  activation  in  nine  neonates  with  resolving 
pulmonary  hypertension.  They  reported  that  bleeding  times 
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Fig.  2.  Left.  Effect  of  INO  on  PgOj  in  patients  with  COPD.  Right.  Ventilation-perfusion  (V/Q)  distributions  during  inhalation  of  room  air,  INO, 
and  O2  in  a  patient  with  COPD.  INO  worsened  V/Q  distributions,  as  reflected  by  broadened  blood  flow  distribution.  During  100%  O2 
breathing,  V/Q  mismatch  increased  further,  giving  a  bimodal  pattern  of  blood  flow  distribution.  INO  =  inhaled  nitric  oxide;  P^qj  =  arterial 
oxygen  tension;  COPD  =  chronic  obstructive  pulmonary  disease.  (From  Reference  1 5,  with  permission.) 


were  nearly  twofold  longer  in  patients  receiving  INO  at  40 
ppm  than  the  bleeding  times  measured  24  hours  after  INO 
was  discontinued. 

Although  it  is  prudent  to  consider  coagulopathy  when 
deciding  whether  to  administer  INO,  the  clinical  impor- 
tance of  this  effect  remains  unclear.  An  increased  inci- 
dence of  bleeding  diathesis  has  not  been  observed  in  pro- 
spective randomized  trials  of  INO.  '"■'''  Whether  the  effects 
of  INO  on  platelet  function  are  harmful  or  beneficial  is 
unclear.  It  has  been  suggested  that  the  platelet  effects  of 
INO  may  be  beneficial  for  some  patients. ^^^s 

Increased  Left  Ventricular  Filling  Pressure 

The  effects  of  INO  in  patients  with  left  ventricular  dys- 
function has  been  studied.^'*'^  At  high  doses  (40-80  ppm), 
INO  has  been  reported  to  decrease  pulmonary  vascular 
resistance  and  increase  pulmonary  capillary  wedge  pres- 
sure in  some  patients  with  severe  left  ventricular  dysfunc- 
tion (Fig.  4).  Presumably,  the  acute  reduction  of  right  ven- 
tricular afterload  increases  pulmonary  venous  return  to  the 
left  heart.  This  increases  left  ventricular  filling  pressure 
and  might  worsen  pulmonary  edema.  Although  this  effect 
may  be  dose-related,  it  is  prudent  to  avoid  the  use  of  INO 


in  patients  with  severe  left  ventricular  dysfunction  (pul- 
monary capillary  wedge  pressure  >  25  mm  Hg).  Two 
studies,  one  in  patients  and  the  other  using  a  porcine  model, 
have  reported  that  INO  is  not  a  negative  inotropic  agent. 3**-39 

Rebound  Hypoxemia  and  Pulmonary  Hypertension 

Gerlach  et  aH"  and  Bigatello  et  aH'  have  reported  that 
withdrawal  of  INO  is  problematic  for  some  patients.  Rois- 
sant  et  a\*^  reported  a  decrease  in  arterial  oxygenation  and 
an  increase  in  pulmonary  artery  pressure  with  daily  trials 
of  NO  withdrawal  (Fig.  5).  Miller  et  al  reported  rebound 
pulmonary  hypertension  upon  withdrawal  of  INO.'*'  Lavoie 
et  aH"  reported  worsening  hypoxemia  and  pulmonary  hy- 
pertension when  INO  was  discontinued  in  4  patients  with 
acute  respiratory  failure  (ARF).  In  each  case,  the  degree  of 
hypoxemia  and  pulmonary  hypertension  was  greater  fol- 
lowing discontinuation  of  INO  than  at  baseline,  leading  to 
hemodynamic  instability.  In  a  review  of  88  ARDS  patients 
treated  with  INO  at  the  Massachusetts  General  Hospital,  5 
patients  (6%)  developed  rebound  when  INO  was  discon- 
tinued.* All  5  of  these  patient  were  on  high  levels  of  ven- 
tilatory support  and  required  vasopressor  therapy  for  sep- 
tic shock.  Reinstitution  of  INO  promptly  corrected  the 


Respiratory  Care  •  March  1999  Vol  44  No  3 


317 


Adverse  Effects  and  Toxicity  of  Inhaled  Nitric  Oxide 


IVY  BLEEDING  TIME    (min) 


Ci 


o. 


E 
a. 
o. 
o 


E 

8 


Fig.  3.  Changes  in  bleeding  time  induced  by  5  randomized  con- 
centrations of  INO  (1,3,10,30,100  ppm)  administered  to  6  patients 
with  ARDS.  Note  that  INO  did  not  affect  bleeding  times.  (From 
Reference  32,  with  permission.) 


hemodynamic  instability,  and  NO  withdrawal  was  post- 
poned until  the  patient  was  less  severely  ill.  Life-threat- 
ening pulmonary  hypertension,  hypoxemia,  and  arrhyth- 
mias have  also  been  reported  in  children  upon 
discontinuation  of  INO."''"'  Interestingly,  rebound  follow- 
ing withdrawal  of  the  NO-donor  sodium  nitroprusside  has 
been  recognized  for  many  years."*''  Because  of  the  possible 
adverse  effects  of  rebound,  INO  should  not  be  evaluated 
by  on-off  trials,  and  care  must  be  taken  to  avoid  inadver- 
tent interruption  of  INO. 

The  reasons  for  this  rebound  effect  are  not  entirely 
known,  but  may  relate  to  feedback  inhibition  of  nitric 
oxide  synthase  (NOS)  activity.'**-''"  Sheehy  et  al"  studied 
the  effects  of  INO  exposure  on  endothelial  NOS  (eNOS) 
gene  expression  and  enzyme  activity  in  cultured  pulmo- 
nary arterial  endothelial  cells,  and  found  that  cultured  cells 
treated  with  the  NO-donor  sodium  nitroprusside  had  a  de- 
creased rate  of  NO  release  and  reduced  NOS  activity, 
without  affecting  eNOS  messenger  ribonucleic  acid  levels. 
They  also  found  that  superoxide  levels  increased  4.5-fold 
when  cultured  cells  were  exposed  to  NO,  suggesting  that 
NO  may  cause  increased  intracellular  superoxide  produc- 
tion. Sheehy  et  al  suggest  that  NO  reacts  with  superoxide 
to  produce  peroxynitrite,  which  reacts  with  eNOS  and  re- 
sults in  enzyme  inactivation.  This  might  explain  the  re- 
bound when  INO  therapy  is  discontinued. 

Several  approaches  have  been  reported  to  avoid  rebound 
during  withdrawal  of  INO.  The  easiest  method  is  to  in- 
crease the  F|o,  before  discontinuation  of  INO  (Fig.  6).  This 
method  has  been  reported  to  be  effective  in  both  new- 
boms'2  and  adults.*  Other  re.searchers  have  used  the  phos- 
phodiesterase inhibitor  dipyridamole  to  attenuate  rebound 
during  withdrawal  of  INO."'^''  At  the  Massachusetts  Gen- 
eral Hospital,  we  follow  several  guidelines  to  avoid  INO 
withdrawal  rebound.  First,  we  use  the  lowest  effective 


INO  dose  (often  ^  10  ppm).  Second,  we  do  not  withdraw 
INO  until  the  patient's  clinical  status  has  improved  suffi- 
ciently (eg,  F,o,  =  0.40,  positive  end-expiratory  pres- 
sure =  5  cm  H2O,  hemodynamic  stability).  Third,  we  in- 
crease the  F,o,  to  0.60-0.70  before  withdrawal  of  INO, 
and  prepare  to  support  the  patient's  hemodynamics  if  nec- 
essary. Discontinuation  of  INO  has  been  well-tolerated 
when  these  precautions  are  taken.  Although  the  extent  of 
rebound  is  variable,  we  have  found  that  its  clinical  effects 
have  dissipated  within  4-8  hours  of  INO  withdrawal. 

Toxicity  of  INO 
Methemoglobinemia 

Methemoglobin  (metHb)  is  produced  when  the  iron  in 
heme  is  oxidized  from  Fe"^"  to  Fe^\'''  In  the  oxidized 
form,  iron  cannot  bind  to  Oj,  and  the  affinity  of  the  other 
heme  groups  for  O2  increases  (ie,  shifts  the  oxyhemoglo- 
bin dissociation  curve  to  the  left).  Normal  metHb  is  <  2%, 
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Fig.  4,  Top.  Relation  between  dose  of  INO  and  pulmonary  vascular 
resistance  (PVR).  Bottom.  Relation  between  dose  of  INO  and  pul- 
monary capillary  wedge  pressure  (PCWP).  Note  that  the  reduction 
in  PVR  is  associated  with  an  increase  in  PCWP.  (From  Reference 
36,  with  permission.) 
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Fig.  5.  Hemodynamic  function  and  gas  exchange  before,  during,  and  after  brief  interruptions  (arrows)  of  INO  (bars)  during  the  first  6  days 
of  treatment  in  7  patients  with  ARDS.  Note  the  large  changes  in  pulmonary  artery  pressure  (PAP),  Pao^,  PaOj/f^iOj.  and  Qva^Qt  when  NO  was 
acutely  discontinued.  For  this  reason,  we  do  not  recommend  on/off  trials  to  assess  NO  responsiveness.  INO  =  inhaled  nitric  oxide; 
ARDS  =  acute  respiratory  distress  syndrome;  PgOj  =  arterial  oxygen  tension;  Fiq^  =  fraction  of  inspired  oxygen;  Qva/Qt  =  venous 
admixture.  (From  Reference  42,  with  permission.) 


and  levels  <  5%  do  not  require  treatment.  The  normal 
metHb  blood  level  may  be  due,  in  part,  to  metabolism  of 
endogenous  NO.  A  number  of  oxidizing  agents  can  pro- 
duce methemoglobinemia,  and  a  common  cause  of  met- 
hemoglobinemia is  exposure  to  nitrates. 

In  the  red  blood  cell,  NO  reacts  with  oxyhemoglobin 
(OjHb)  to  form  metHb  and  nitrate  (NO3"): 

OjHb  -H  NO  ^  metHb  -I-  NOj" 

NO  can  also  react  with  deoxyhemoglobin  (Hb)  to  form 
nitrosylhemoglobin  (NOHb),  which  is  then  converted  to 
metHb  and  NO3": 

Hb  -^  NO  -^  NOHb  -^  metHb  +  NOf 

If  NO  is  converted  to  nitrite  (NOj"),  again  met  Hb  and 
NO3'  are  produced: 

Hb  +  NO2"  -^  NOHb  -^  metHb  +  NOf 


The  NO3"  produced  from  these  reactions  is  excreted  in  the 
urine.  The  Oj  and  electron  needed  to  produce  NO3"  are 
provided  by  OjHb,  resulting  in  metHb  production.^*" 

Methemoglobin  reductase  in  erythrocytes  converts  en- 
dogenously-produced  metHb  to  reduced  hemoglobin. ^^ 
Nicotinamide  adenine  dinucleotide  methemoglobin  reduc- 
tase is  predominant  and  reduces  two-thirds  of  the  metHb 
produced.  Methemoglobin  reductase  deficiency  is  com- 
mon in  some  ethnic  groups,  such  as  native  Americans.-'''*  It 
has  also  been  suggested  that  partial  metHb  reductase  de- 
ficiency may  be  present  in  neonates,*"*'  the  clinical  im- 
plications of  which  are  unclear.  At  least  3  other  mecha- 
nisms can  also  convert  metHb  to  Hb:  nicotinamide  adenine 
dinucleotide  phosphate  dehydrogenase,  ascorbic  acid,  and 
reduced  glutathione. 

Because  the  light  absorption  of  metHb  differs  from  that 
of  normal  hemoglobin,  metHb  can  be  measured  by  mul- 
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Fig.  6.  Left.  Measurements  from  an  infant  who  demonstrated  little  rebound  during  discontinuation  of  INO.  Riglit.  Severe  rebound  in  another 
infant  during  discontinuation  of  INO.  Note  that  the  clinical  effects  of  rebound  are  avoided  by  an  ?^Q^  (fraction  of  inspired  oxygen)  increase 
before  discontinuation  of  NO.  (From  Reference  52,  with  permission.) 


tiple  wavelength  spectrophotometry.*'-''''  Because  pulse 
oximetry  only  uses  2  wavelengths,  its  accuracy  is  affected 
by  the  presence  of  metHb.''''  Infusion  of  the  reducing  agent 
methylene  blue  for  treatment  of  metHb  may  also  affect  the 
accuracy  of  pulse  oximetry''''  by  interfering  with  light 
absorption  at  the  wavelengths  used  by  pulse  oximeters. 
Although  intralipids  do  not  affect  pulse  oximetry,  hyperlip- 
idemia  interferes  with  multiple  wavelength  spectro- 
photometry, producing  an  inaccurately  high  metHb  reading.''-'' 
This  is  an  important  consideration  in  patients  receiving  lipid 
infusions  (eg,  propofol). 

Production  of  metHb  following  NO  exposure  has  been 
known  for  years.'''' ~^''  NO  has  about  1500  times  greater 
affinity  for  hemoglobin  than  does  carbon  monoxide. ^^  Al- 
though high  concentrations  of  INO  (eg,  2%)  rapidly  pro- 
duces methemoglobinemia  and  death  in  dogs,''''  other  an- 
imal studies  indicate  that  methemoglobinemia  is 
uncommon  at  the  dose  levels  used  for  INO  therapy  (<  20 


ppm).^**  Azoulay  et  al''**  exposed  rats  to  2  ppm  INO  con- 
tinuously for  6  weeks  and  methemoglobinemia  did  not 
occur  in  any  of  the  animals.  Similar  results  have  been 
reported  in  humans  (Fig.  7).4.5.4i.42.79-84 

There  have  been  a  few  cases  of  methemoglobinemia 
reported  in  association  with  INO.  Wessel  et  al'*-''  reported  a 
ca.se  in  which  metHb  levels  increased  from  0.9%  to  9.4% 
over  6  hours  in  a  female  native  American  who  received  80 
ppm  INO.  The  metHb  level  decreased  to  0.9%  following 
reduction  of  the  INO  dose  to  40  ppm.  Wessel  et  al**-''  also 
reported  a  case  in  which  metHb  increased,  from  1 .4%  to 
10.9%,  again  presumably  due  to  a  high  INO  dose.  Hovenga 
et  al*"'  reported  a  metHb  level  of  67%  in  a  patient  receiving 
INO.  This  was  the  result  of  a  delivery  system  that  did  not 
permit  a  precise  dose  of  INO  during  pressure  support  venti- 
lation, resulting  in  administration  of  a  very  high  NO  dose.  A 
metHb  level  of  19%  was  reported  in  a  patient  who  received 
an  accidental  dose  of  1 10  ppm  of  INO."'' 
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Fig.  7.  Methemoglobin  (metHb)  levels  (percent)  during  the  first  3  weeks  of  INO  in  30  patients  inhaling  approximately  10  ppm  for  approx- 
imately 17  days.  (From  Reference  5,  with  permission.) 
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Fig.  8.  Mean  ±  standard  error  for  methemoglobin  (metHb)  (solid  bars)  and  NO2  (hatched  bars)  concentrations  in  phase  II  trial  of  INO  for 
ARDS.  (From  Reference  9,  with  permission.) 


In  a  randomized  phase  II  trial  of  INO  for  ARDS,  4  out 
of  177  patients  (2.3%)  had  metHb  concentrations  >  5%, 
and  none  had  a  metHb  >  77c  (one  of  these  patients  re- 
ceived placebo,  one  received  40  ppm  INO,  and  two  re- 
ceived 80  ppm  INO)"  (Fig.  8).  In  the  Neonatal  Inhaled 
Nitric  Oxide  Study  (NINOS),  the  INO  level  was  reduced 
because  of  elevated  metHb  in  1 1  out  of  1 14  patients 
(9.6%).'"  Roberts  et  al'^  reported  metHb  levels  <  10%  in 
90%  of  infants  receiving  INO  for  PPHN;  the  metHb  in- 


creased from  1%  to  18.2%  on  the  first  day  of  treatment  in 
one  infant.  Davidson  et  al'-  reported  elevated  metHb  lev- 
els only  in  newborns  with  PPHN  who  were  randomized  to 
80  ppm  INO  (Fig.  9). 

The  production  of  metHb  is  directly  related  to  the  INO 
dose,^'*  and  significant  methemoglobinemia  has  not  been 
observed  when  low  levels  (ie,  <  20  ppm)  of  INO  are  used. 
At  the  Massachusetts  General  Hospital,  it  is  our  practice  to 
measure  metHb  level  every  other  day  in  patients  receiving 
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INO.  In  our  experience  (using  INO  in  more  than  100  pa- 
tients with  ARDS)  no  significant  methemoglobinemia  has 
occurred  with  INO  in  doses  <  20  ppm.* 

The  usual  treatment  of  methemoglobinemia  is  infusion 
of  methylene  blue,  which  increases  nicotinamide  adenine 
dinucleotide  metHb  reductase.  Methemoglobinemia  can 
also  be  treated  with  ascorbic  acid.  Because  methylene  blue 
may  inhibit  the  effect  of  guanylate  cyclase,*'-*'  there  is 
concern  that  methylene  blue  treatment  might  counteract 
the  effects  of  INO.  This  was  studied  by  Young  et  al,*'  who 
used  an  hypoxic  sheep  model.  They  reported  that  methyl- 
ene blue  did  not  inhibit  the  action  of  INO  on  guanylate 
cyclase.  Mayer  et  al'^  have  reported  that  methylene  blue 
directly  inhibits  NO  synthase,  but  has  little  inhibitory  ef- 
fect on  guanylate  cyclase. 

Direct  Toxicity 

In  very  high  concentrations,  INO  may  have  direct  toxic 
effects  on  the  lungs.  In  a  patient  who  died  after  iatrogenic 
poisoning  with  NO  (concentration  not  specified)  from  a 
contaminated  nitrous  oxide  cylinder,  the  lungs  at  postmor- 
tem examination  were  edematous  and  solid.'  In  dogs  ex- 
posed to  high  concentrations  of  NO,  5,000  ppm  produced 
acute  pulmonary  edem3,  and  20,000  ppm  resulted  in  death 
in  less  than  one  hour.'"'  Histologic  changes  in  the  lungs 
included  edema,  focal  collapse,  and  hyperinflation,  diffuse 
and  focal  intravascular  congestion,  focal  and  confluent 
bronchopneumonia,  and  intra-alveolar  hemorrhage.'''' 
Farmers  exposed  to  high  levels  of  the  oxides  of  nitrogen 
develop  silo-filler's  disease,  which  is  characterized  by  dys- 
pnea, hypoxemia,  and  pulmonary  edema.*'''''  It  should  be 
recognized,  however,  that  the  NO  concentrations  in  these 
instances  are  extremely  high — much  higher  than  the  con- 
centrations used  therapeutically  or  stored  in  therapeutic 
NO  cylinders.  It  is  of  interest  to  note  that  NO  concentra- 
tions as  great  as  1,000  ppm  may  be  present  in  cigarette 
smoke,  which  does  not  produce  acute  mortality.*^-"" 

In  rats,  50  ppm  INO  impaired  performance  of  learned 
tasks  and  prolonged  brainstem-evoked  potential  respons- 
es.'02  In  rabbits,  INO  at  5  ppm  produced  thickening  of  the 
alveolar-capillary  membrane, '"^  and  INO  at  0.5  ppm  caused 
interstitial  atrophy. '"^  NO  has  been  reported  to  react  with, 
and  in  some  cases  to  modify  the  function  of,  a  variety  of 
biologic  metalloproteins,  including  myoglobin,  cytochrome 
c,  catalase,  succinate  dehydrogenase,  lipooxygenase,  ascor- 
bate  oxidase,  ceruloplasmin,  and  tyrosinase.'"'^  Adminis- 
tration of  15-20  ppm  INO  for  15  min  has  been  reported  to 
produce  a  small  drop  in  P^q,  (mean  7  mm  Hg)  and  an 
increase  in  airways  resistance  in  normal  adult  volunteers.  '"* 
Breathing  1  ppm  INO  produced  a  small  decrease  in  spe- 
cific airway  conductance  in  healthy  volunteers, '°^  and  80 
ppm  INO  decreased  airway  conductance  in  subjects  with 
COPD.'os  In  contrast,  Roger  et  al'o*  reported  that  INO  at 


40  ppm  had  no  effect  on  respiratory  system  resistance  in 
patients  with  COPD  or  in  healthy  subjects.  Whether  these 
effects  have  any  relevance  to  the  administration  of  INO  to 
patients  with  ARF  is  unknown.  To  date,  none  of  these 
toxic  effects  have  been  reported  in  patients  receiving  ther- 
apeutic doses  of  INO  during  ARF. 

Pretreatment  with  INO  potentiated  acute  lung  injury  in 
an  isolated  rabbit  lung  model.""  The  implications  for  INO 
therapy  in  humans  is  unclear.  In  that  study  design,  INO 
therapy  was  initiated  before  production  of  oleic  acid-in- 
duced lung  injury.  It  is  likely  that  this  resulted  in  improved 
blood  flow  and  improved  oleic  acid  distribution  to  unin- 
jured alveoli.  In  other  words,  the  injury  was  due  to  the 
oleic  acid  injection  and  not  INO  per  se. 

Narula  et  al' "  reported  that  the  combination  of  NO  and 
hyperoxia  had  a  synergistic  cytotoxic  effect  on  alveolar 
epithelial  and  lung  vascular  endothelial  cells  in  culture.  In 
contrast  to  this,  Garat  et  al"^  reported  that  INO  at  10  ppm 
during  hyperoxic  lung  injury  in  rats  did  not  worsen  the 
deleterious  effect  of  100%  O2  on  lung  cellular  compo- 
nents. However,  INO  at  100  ppm  increased  pulmonary 
vascular  permeability,  suggesting  NO  toxicity.  In  an  ex- 
perimental model  of  severe  hyaline  membrane  disease  (in 
extremely  premature  lambs),  Kinsella  et  al"^  reported  that 
INO  at  20  ppm  increased  pulmonary  blood  blow  without 
worsening  pulmonary  edema.  Moreover,  lung  neutrophil 
accumulation  was  decreased  by  INO.  Chollet-Martin  et 
al""  reported  decreased  cytokine  levels  in  the  bronchoal- 
veolar  lavage  fluid  of  ARDS  patients  receiving  INO  at  18 
ppm,  suggesting  that  INO  may  reduce  lung  inflammation. 
These  results  agree  with  other  experimental  data"'  that 
suggest  that  low-dose  INO  is  not  toxic  and  might  attenuate 
acute  lung  injury. 

Nitrogen  Dioxide  Production 

Nitrogen  dioxide  (NOj)  is  produced  spontaneously  from 
NO  and  Oj-''^'^''  The  Occupational  Safety  and  Health 
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Fig.  9.  Methemoglobin  levels  at  baseline  and  during  administration 
of  treatment  gases  in  term  infants  with  PPHN.(From  Reference  12, 
with  permission.) 
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Fig.  10.  Electron  micrographs  of  proximal  alveolar  regions  of  the 
lungs  from  (A)  control  rats  exposed  to  filtered  air  for  1 2  hours,  and 
(B)  rats  exposed  to  NO2  at  18  ppm  for  12  hours.  NO2  inhalation 
induced  cytoplasmic  damage  to  some  alveolar  Type  I  cells  (long 
arrows),  while  others  remained  intact.  (From  Reference  133,  with 
permission.) 


Administration  (OSHA)  has  set  safety  limits  for  NO2  ex- 
posure at  5  ppm,'-""  but  airway  reactivity'^-^'-''  '-'  and 
parenchymal  lung  injury'^'iso  have  been  reported  with 
inhalation  of  <  2  ppm  NOj.  Animal  studies  evaluating  the 
parenchymal  effects  of  high  levels  of  NO,  (>  10  ppm) 
have  reported  pulmonary  edema,  hemorrhage,  changes  in 
surfactant,  reduction  of  the  number  of  alveoli,  and 
death.'"-^-*'^'!"  Rats  breathing  NOj  at  18  ppm  for  12 
hours  suffered  cytoplasmic  damage  to  alveolar  Type  I  cells 
(Fig.  10).''''  Exposure  of  humans  to  high  NO,  concentra- 
tions, such  as  can  occur  during  industrial  accidents,  has 
produced  severe  ARDS  progressing  to  death."''  Other  stud- 
ies have  shown  that  NO2  at  concentrations  as  low  as  2  ppm 
can  cause  alveolar  cell  hyperplasia,  altered  surfactant  hys- 
teresis, changes  in  the  epithelium  of  the  terminal  bronchi- 
ole, and  loss  of  cilia.'-'"''  In  humans,  2.3  ppm  NO2  is 
reported  to  affect  alveolar  permeability. '^^  Several  studies 
report  increased  airway  responsiveness  to  NO2  at  <  2 
ppm.'-'-'"  '"*  NO2  may  remain  in  the  lungs  for  prolonged 
periods  because  it  reacts  with  water  to  produce  nitric  acid, 
and  undergoes  irreversible  reactive  absorption  by  the  pul- 
monary epithelial  lining  fluid.''"  Exhaled  NO2  therefore 
may  not  be  a  sensitive  indicator  of  toxic  pulmonary  levels. 
Although  antioxidants  present  in  the  lung  fluids  protect 
normal  individuals  from  the  effects  of  breathing  2  ppm 
NO2,'''"  it  is  prudent  to  keep  the  NO2  concentration  as  low 
as  possible  because  its  effects  in  an  injured  lung  (eg,  ARDS) 
are  unknown.  Prospective,  randomized,  controlled  trials  of 
INO  have  reported  low  levels  of  NO2.  particularly  with 
INO  concentrations  at  <  20  ppm  (Figs.  8  and  1 1).'>">-'- 

The  conversion  rate  of  NO  to  NO2  is  detemiined  by  O2 
concentration,  the  square  of  the  NO  concentration,  and  the 
residence  time  of  NO  with  02:'"*'^- 

-d[NOJ/d/  =  k  ■  [NO]-  X  [O2] 


which  yields  the  following  on  integration: 

1/[N0,]  -  l/[NOo]  =  kX  [O2]  •  t 

where  [NO,]  is  the  NO  concentration  after  residence  time 
/,  [NOq]  is  the  initial  NO  concentration,  [Oj]  is  the  Oj 
concentration,  and  /:  is  the  rate  constant  for  conversion  of 
NO.  The  difference  between  [NO,]  and  [NOq]  is  the  NO2 
concentration.  The  value  of  k  is  1.57  •  10"^  ppm"^  min"'  at 
23°  C  and  one  atmosphere.'"* 

There  is  a  potential  for  conversion  of  NO  to  NOt  in  lung 
units  with  long  residence  times.  From  my  experience,  in 
ARDS  patients  receiving  INO,  the  NO  concentration  in  the 
exhaled  gas  is  about  half  that  of  the  inhaled  level,  and  the 
NO  concentration  in  lung  units  with  no  uptake  (ie,  dead 
space)  can  be  similar  to  the  administered  INO  concentra- 
tion. Laboratory  data  indicate  that,  at  the  NO  concentra- 
tions typically  used  in  the  treatment  of  ARDS  (ie,  ^  20 
ppm),  a  relatively  long  residence  time  is  required  to  pro- 
duce 2  ppm  NOj.'--  The  time  required  to  produce  2  ppm 
NO2  is  about  5  minutes  when  breathing  90%  Oj,  and  about 
7  minutes  when  breathing  60%  O2.  Such  prolonged  resi- 
dence times  are  unlikely  during  ARDS,  but  might  occur  in 
patients  with  severe  chronic  air  flow  obstruction. 

Peroxynitrite  Production 

In  biological  systems,  NO  reacts  with  Oj"  to  produce 

peroxynitrite:  '-"-'sz 


NO  +  O, 


ONOO" 


This  is  a  fast  reaction,  occurring  at  6.7  •  10^  M~'  s"'. 
Peroxynitrite  is  unstable  at  physiologic  pH  because  it  pro- 
tonates  to  peroxynitrous  acid: 


ONOO- 


H^ 


ONOOH 


which  decomposes  with  a  half-life  less  than  one  second  to 
nitrogen  dioxide  and  the  hydroxyl  radical: 

ONOOH  -^  NO,  +  OH" 


N=1S5 
McantSE 
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Fig.  11.  Inspired  NO2  levels  at  baseline  and  during  the  adminis- 
tration of  treatment  gases  in  term  infants  with  PPHN.  (From  Ref- 
erence 12,  with  permission.) 
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Table  I .      Toxicities  Associated  witii  Peroxynitrite 

•  Strong  oxidant 

•  Membrane  lipid  peroxidation 

•  Oxidation  of  DNA  bases 

•  Reactions  with  metal  and  metalloproteins 

•  Inhibition  of  epithelial  cell  ion  channels 

•  Altered  mitochondrial  function 


It  is  interesting  to  note  that  Oj"  has  limited  reactivity  with 
most  biologic  molecules,  raising  questions  about  its  tox- 
icity per  se."*'  The  toxicity  on  Oj"  may  be  related  to  its 
reactivity  with  NO  to  produce  ONOO  .  Superoxide  dis- 
mutase  may  prevent  the  production  of  ONOO"  by  decreas- 
ing the  availability  of  Oj"  to  react  with  NO.'-*' 

Many  important  toxicities  of  peroxynitrite  have  been 
reported  (Table  l).'""  Ischiropoulos  et  al'"  report  that  per- 
oxynitrite contributes  to  the  oxidative  injury  of  isolated  rat 
lung  from  ischemia-reperfusion.  Cuthbertson  et  al '■''''  re- 
port that  lipopolysaccharide-stimulated  whole  blood  ex- 
posed to  peroxynitrite  undergoes  an  increase  in  interleukin 
8  (IL-8)  and  elastase  accumulation,  which  suggests  mod- 
ulation of  the  inflammatory  response.  In  an  autopsy  study, 
Kooy  et  al'^'*  found  high  levels  of  nitrotyrosine  in  the 
lungs  of  patients  who  died  with  ARF,  suggesting  per- 
oxynitrite production  in  human  acute  lung  injury.  In  con- 
trast, there  was  little  evidence  of  peroxynitrite  formation  in 
the  lungs  of  control  subjects  who  died  without  acute  lung 
injury. '^5  The  peroxynitrite  in  this  study  was  the  result  of 
endogenous  NO  production  (the  patients  were  not  receiv- 
ing INO). 

Little  is  known  about  the  potential  intracellular  toxicity 
of  INO  at  the  doses  used  for  ARDS.  Presumably,  INO 
does  not  contribute  to  significant  injury  secondary  to  per- 
oxynitrite formation,  but  this  is  not  currently  known.  Ex- 
amining the  tracheal  secretions  of  12  infants  treated  with 
INO  at  <  20  ppm  for  1-4  days,  Hallman  et  al'^*  found  no 
evidence  of  nitrotyrosine  production  or  increased  lipid  per- 
oxidation. This  suggests  an  absence  of  peroxynitrite  tox- 
icity. 

Surfactant  Effects 

In-vitro  and  in-vivo  studies'""'"'"  have  reported  that 
NO  and  peroxynitrite  can  damage  pulmonary  surfactant. 
In  piglets  receiving  INO  at  100  ppm,  significant  surfactant 
dysfunction  was  observed  in  the  presence  of  hyperoxia.'*^ 


In  newborn  lambs,  administration  of  either  80  ppm  or  200 
ppm  INO  for  6  hours  negatively  affected  the  surface  active 
properties  of  pulmonary  surfactant  and  decreased  the  abil- 
ity of  surfactant  protein  A  to  aggregate  lipids.'*'  Ayad  et 
al'*5  reported  that  NO  decreases  surfactant  protein  A  gene 
expression  by  about  30%  in  cell  culture  representative  of 
distal  respiratory  epithelium. 

Summary 

The  extent  of  toxicity  and  adverse  effects  of  INO  is  not 
completely  understood.  Like  any  therapy,  the  potential  ben- 
efits of  INO  must  be  balanced  against  the  potential  risks. 
It  is  interesting  to  note  that  the  potential  toxicity  of  Oj 
therapy  is  well  known,  yet  this  does  not  preclude  the  ben- 
efit of  O2  administration  in  the  care  of  patients  who  are 
hypoxemic.  INO  has  been  administered  to  thousands  of 
patients  in  hundreds  of  hospitals  worldwide  since  1991, 
with  few  reports  of  toxicity  or  adverse  effects.  The  toxicity 
of  INO  appears  to  be  low  when  it  is  used  by  clinicians 
familiar  with  its  use. 
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Discussion 

Stewart:  I've  been  involved  in  a  few 
debates,  and  the  times  I've  taken  the 
pro  side  for  INO.  the  other  person  al- 
ways listed  all  these  potential  compli- 
cations. My  response  has  always  been 
that  if  we're  really  using  the  low  doses 
we're  now  talking  about,  and  if  we 
have  endogenous  NO  in  our  noses  all 
the  time,  God  gave  it  to  us  for  a  rea- 
son. Why  are  we  scared  of  that  low 
dose  of  NO?  It's  there  all  the  time,  so 
if  it's  bad,  we're  not  made  right. 

Hess:  I  guess  the  point  is  we're  all 
breathing  NO  because  it's  in  the  air 
around  us,  and  in  our  noses.  There 
may  be  several  parts  per  million  of 
nitric  oxide  in  our  sinuses.  There  is, 
nonetheless,  like  any  other  drug,  a  po- 
tential for  toxicity,  and  I  don't  think 
we  can  just  put  our  heads  in  the  sand 
and  say  this  is  all  completely  silly  and 
don't  worry  about  it.  But  I  agree  with 
you  that  there's  precious  little  evidence 
that  INO,  particularly  at  the  10  ppm 
or  lower  dose,  has  adverse  effects. 

Stewart:  In  your  clinical  practice, 
how  common  is  it  for  you  to  go  above 
10  ppm  INO,  at  least  in  adults? 

Hess:  Very  uncommon.  I  don't  think 
we've  gone  over  10  ppm  with  ARDS 
patients  in  the  last  year,  that  I  can 
think  of. 

Bigatello:  No,  we  haven't,  but  1  was 
just  thinking  as  you  were  asking  this 
question  that  we  may  soon  be  seeing 
other  applications  of  INO  for  which 
higher  doses  may  be  indicated.  Now, 
I  don't  know  exactly  what  Al  (Head) 
is  using,  but  for  sickle  cell  and  maybe 
coronary  artery  disease,  we  will  want 
to  deliver  NO  beyond  the  lung.  So, 
we  will  be  using  higher  doses.  What 
do  you  think  about  the  use  of  80  ppm. 


100  ppm,  chronically?  Do  you  have 
any  thoughts  on  that?  Or  maybe  Al? 

Hess:  1  think  that  certainly  the  po- 
tential for  adverse  effects  increases 
with  dose.  Using  80  ppm  INO,  I  would 
be  much  more  concerned  about  met- 
hemoglobinemia, for  example,  than  we 
are  with  1 0  ppm.  The  issue,  too,  might 
not  be  so  much  what  concentrations 
of  nitric  oxide  we're  breathing,  but 
what  dose  we  are  administering — how 
many  microliters  or  micromoles  of  NO 
that  we're  administering.  So,  for  ex- 
ample, we  may  give  high  doses  of  INO 
for  short  periods  of  time.  That  may 
not  turn  out  to  be  as  toxic  as  giving 
low  concentrations  for  prolonged  pe- 
riods. Al,  did  you  want  to  say  any- 
thing about  this? 

Head:  I  agree  with  both  your  com- 
ments. Certainly  for  the  sickle  cell  pa- 
tient, which  we'll  talk  about  in  just  a 
little  bit,  we  want  the  higher  INO  dose. 
We  do  want  to  get  NO  to  the  blood 
stream.  But  it  does  not  appear  that  you 
need  to  administer  INO  continuously, 
and  that's  the  big  difference.  So  pa- 
tients might  be  able  to  tolerate  higher 
doses  for  a  shorter  time  period.  I  al- 
ways wondered  where  did  we  came 
up  with  80  parts  per  million  by  vol- 
ume? Did  80  ppm  just  derive  from  the 
fact  that  we  diluted  an  800  tank  by 
10?  If  you  look  back  in  the  literature, 
where  did  this  80  come  from,  and  how 
did  we  come  to  the  conclusion  that  80 
is  the  max?  I  think  maybe  there  are 
certain  applications,  probably  for 
blood  components,  that  you  might 
want  80  or  higher  for  short  periods  of 
time  to  have  its  maximal  effect.  And 
then,  certainly  for  pulmonary  vasodi- 
lation, it  looks  like  low  doses  is  the 
way  to  go. 


Bigatello:  Well,  that  80  came  from 
somewhere.  You  remember  that  when 
we  started,  there  was  a  report  by  the 
OSHA  that  suggested  the  safe  limit  in 
the  workplace  for  breathing  NO  or  for 
people  who  were  using  substances  that 
would  develop  NO  was  not  more  than 
80  ppm  for  8  hours. 

Hess:     Actually,  it  was  25  ppm. 

Roberts:  Really,  I  think  the  OSHA 
recommendations  are  over-used  in  this 
context.  The  basic  data  that  OSHA 
came  up  with  to  support  the  recom- 
mendation were  very  flimsy.  OSHA's 
recommendations  are  somewhere  on 
the  order  of  20  to  25  ppm  for  an  8-hour 
work  day.  Obviously,  that  may  apply 
to  some  people's  work  days,  but  cer- 
tainly not  to  our  patients  who  breathe 
NO  continuously.  Now,  where  did  we 
come  up  with  80  ppm?  That  level  was 
primarily  based  on  our  studies  with 
lambs  with  high  pulmonary  vascular- 
resistance.  We  did  not  necessarily  be- 
lieve that  the  hemodynamic  data  would 
correlate  with  changes  in  postductal 
Pgo,.  nor  necessarily  say  that  our  data 
would  support  the  use  of  80  ppm  NO. 
I  agree  with  you  that  perhaps  the  dose 
of  80  ppm  may  not  be  applicable  as 
far  as  a  "dose-response"  for  hemoglo- 
bin sickling  or  platelet  dysfunction,  or 
other  end  points. 

Hess:  It's  also  interesting  to  point 
out  that  80  ppm,  which  seems  like  a 
high  dose,  is  actually  a  very  small  con- 
centration if  you  put  that  in  terms  of 
percentage. 

Rich:  Since  you  quoted  a  study  of 
mine,' '  I'll  make  a  couple  comments 
on  rebound  and  what  is  known  about 
the  effects  of  INO  on  NOS  activity. 
As  most  of  you  know,  there  are  in- 
vitro  studies  that  show  that  high  doses 
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of  NO  and  NO  donors  inhibit  NOS 
activity.  Those  data  have  not  been 
shown  so  far  with  INO,  at  least  in  the 
concentrations  that  we  use  clinically. 
There  is  some  evidence  that  INO,  at 
least  for  two-day  periods,  will  decrease 
endothelium-dependent  relaxation  in 
rat  animal  models.  This  suggests  that 
it  may  decrease  NOS  activity.  The 
study  you  just  quoted  appeared  in  the 
Journal  of  Applied  Physiology^  last 
September.  We  administered  INO  at 
20  ppm  to  rats  (both  normoxic  and 
hypoxic)  for  3  weeks.  We  looked  at 
eNOS  protein  levels,  NOS  activity, 
and  also  guanylate  cyclase  activity, 
and  found  it  wasn't  affected  by  INO 
for  3  weeks.  We  also  showed  there 
was  no  effect  on  endothelium-depen- 
dent relaxation.  But  that's  in  contrast 
to  2  other  groups,  who  found  that  af- 
ter 48  hours  it  was  decreased.  I  want 
to  put  this  in  perspective,  because  this 
is  in  rats,  not  humans.  This  still  doesn't 
prove  that  rebound  doesn't  occur  in 
humans,  because,  first  of  all,  nobody's 
ever  demonstrated  rebound  in  rats.  Re- 
bound is  not  common,  but  it  does  hap- 
pen in  humans.  It's  not  always  pre- 
dictable. So  we  may  not  have  a  model 
that's  exactly  equivalent  to  humans. 
Also,  the  amount  of  NOS  activity  in 
rats,  certainly  in  a  normoxic  rat,  is 
probably  less  than  in  humans,  although 
we  did  look  at  hypoxic  rats,  which 
probably  have  greater  NOS  activity  or 
at  least  eNOS  protein  levels  compa- 
rable to  humans.  What  we  demon- 
strated in  rats  is  that  INO  at  clinical 
doses  does  not  affect  eNOS  or  NOS 
activity.  There's  evidence  in  rats  in 
this  particular  model  that  INO  does 
not  affect  NOS,  but  I  just  tempered 
that  by  saying  that  it  is  unknown  if 
this  is  true  in  humans. 
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Roberts:  Given  what  is  currently 
published  about  the  kinetics  of  met- 
hemoglobin  increases  with  INO,'"^ 
what  are  your  recommendations  on 
when  we  should  check  the  first  met- 
hemoglobin  level,  and  then  how  often 
should  we  check  it  afterwards?  Bear 
in  mind  that,  for  example,  in  newborns, 
methemoglobin  testing  sometimes  re- 
quires sampling  of  1  cc  of  blood,  which 
could  be  a  large  amount  of  blood  for 
a  baby. 
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Hess:  I  think  we  have  certainly  de- 
creased the  amount  of  methemoglo- 
bin surveillance  that  we've  done.  In 
our  ARDS  trials,  I  think  we're  usually 
pretty  comfortable  with  getting  a  met- 
hemoglobin level  every  2-3  days.  One 
might  argue  whether  you  even  need  to 
do  it  that  frequently,  because  we  just 
don't  see  elevated  methemoglobin 
levels.  In  a  paper  that  we  reported  in 
Anesthesiology^ — our  first  five-year 
experience  of  INO  in  ARDS — we  saw 
no  elevated  methemoglobin  in  those 
88  patients.  Maybe  I  would  ask  you 
what  are  your  thoughts  on  newborns? 
Is  that  the  same  there  as,  say,  4  hours 
after  beginning  INO,  to  do  a  methe- 
moglobin, and  then  repeat  it  infre- 
quently after  that? 
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Roberts:  Right.  One  of  the  princi- 
ples in  neonatology  is  that  we  don't 
make  any  assumptions  about  what's 
there.  We  don't  assume  a  baby  has 
kidneys,  or  a  liver  that  works.  In  ad- 
dition, we  shouldn'  t  assume  that  a  baby 


has  methemoglobin  reductase.  Methe- 
moglobin reductase  levels  in  newborns 
is  lower  than  it  is  in  adults.  It  is  also 
lower  in  pre-terms  compared  to  full- 
term  newborns.  So  we  are  more  sen- 
sitive to  testing  it  early  to  see  whether 
or  not  there  is  methemoglobin  reduc- 
tase activity.  We  typically  test  it  4-6 
hours  after  INO  commences,  and  then 
daily.  But,  in  general,  the  methemo- 
globin level  is  not  high  within  4-6 
hours,  the  INO  level  has  been  de- 
creased within  the  first  12-24  hours, 
and  the  level  does  not  increase  signif- 
icantly after  the  first  day. 

Hess:  So,  essentially,  you  use  that 
first  methemoglobin  level  to  test  the 
baby's  ability  to  reduce  methemoglo- 
bin with  adequate  levels  of  hemoglo- 
bin reductase,  for  example. 

Roberts:     That's  right. 

Channick:  So,  that  baby  that  had 
methemoglobin  of  18%,  that  was  an 
early  effect? 

Roberts:  That's  correct.  It  was  very 
early.  That  was  a  very  interesting  case. 
The  baby  was  quite  unstable,  had  some 
abruption,  got  a  20  cc  per  kilo  bolus 
of  donor  blood.  We  actually  tested  the 
methemoglobin  reductase  activity 
from  the  donor  and  found  that  it  was 
normal.  It  was  old  blood  from  the  blood 
bank.  At  that  time,  we  did  not  know 
quite  what  happened  with  methemo- 
globin reductase  activity  in  bank 
blood,  but  subsequently  it's  been 
shown  to  not  be  greatly  affected  by 
proper  storage  techniques.  So  it's  very 
much  a  question  of  what  caused  this 
one  baby  to  have  a  high  level.  Subse- 
quently, the  baby  has  done  well  and 
has  had  no  real  abnormalities  with  re- 
spect to  methemoglobin  levels. 

Hess:  I  think  it's  also  important  to 
mention  that  once  the  NO  dose  was 
reduced  in  that  baby,  the  methemo- 
globin level  quickly  fell. 

Roberts:     Correct. 
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Introduction 

Since  the  initial  discovery  of  the  selective  pulmonary 
vasodilator  effect  of  inhaled  nitric  oxide  (INO)  in  adults' 
and  children,--^  INO  has  been  used  in  various  conditions 
involving  pulmonary  hypertension  and  hypoxemia.  In  many 
patients,  INO  decreases  pulmonary  hypertension  and/or 
increases  arterial  oxygen  tension  (Pao,)  without  any  ap- 
parent toxicity.  The  magnitude  and  duration  of  this  re- 
sponse, however,  is  variable,  and  the  ultimate  effect  of 
INO  on  clinical  outcome  is  not  fully  known. 

In  this  review  I  summarize  the  current  status  of  INO 
therapy,  examine  possible  reasons  why  not  all  patients 
benefit  equally  from  INO,  and  consider  strategies  to  en- 
hance the  physiologic  effects  of  INO. 

Current  Status  of  INO  Therapy 

Table  1  shows  the  most  common  clinical  applications  of 
INO,  with  the  observed  physiologic  action  and,  when 
known,  its  clinical  efficacy.  Controlled  clinical  trials  con- 
ducted to  date  indicate  that  INO  therapy  only  has  a  sus- 
tained effect  in  the  pediatric  population.  In  infants  with 
persistent  pulmonary  hypertension  and/or  hypoxemia  from 
persistent  pulmonary  hypertension'*  or  other  causes,''  INO 
significantly  reduces  the  need  for  extracorporeal  mem- 
brane oxygenation. 
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In  adults,  the  physiologic  effects  of  INO  have  been 
extensively  studied  in  the  acute  respiratory  distress  syn- 
drome (ARDS)  and  chronic  pulmonary  hypertension  of 
diverse  etiology.  ARDS  is  a  diffuse  acute  respiratory  fail- 
ure of  inflammatory  etiology,  characterized  by  severe  im- 
pairment of  gas  exchange,  moderate  pulmonary  hyperten- 
sion, and  high  mortality.''  Many  studies  have  shown  that 
INO  can  acutely  reduce  pulmonary  hypertension  and  in- 
crease P^o^  in  ARDS.''  INO  concentrations  in  the  range  of 
5-20  parts  per  million  (ppm)  have  been  safely  adminis- 
tered for  prolonged  periods**  to  ameliorate  the  course  of 
these  critically  ill  patients.  Recent  observations  of  the  anti- 
inflammatory' and  free  radical  scavenger'""  effects  of 
INO  lend  further  theoretical  support  to  its  use,  though  INO 
has  not  yet  been  proven  clinically  significant  in  the  treat- 
ment of  ARDS.  In  most  studies,  only  60%  of  patients 
manifest  a  meaningful  early  benefit  from  INO.'^'-''  Fur- 
thermore, recent  controlled  trials  suggest  that  this  early 
benefit  is  not  always  sustained.'^'"* 

INO  therapy  has  been  used  for  pulmonary  hypertension 
of  various  etiologies.  In  children  with  congenital  heart 
disease'"'  and  in  adults  following  cardiopulmonary  bypass 
for  valvular  and  coronary  artery  surgery,"*-'**  10-40  ppm 
INO  reduced  pulmonary  hypertension.  In  heart  failure,  INO 
can  decrease  pulmonary  vascular  resistance,  but  does  not 
improve  the  performance  of  the  left  ventricle."-^"  Severe 
chronic  pulmonary  hypertension,  whether  primary  or  sec- 
ondary, has  limited  treatment  options,  and  successful  use 
of  INO  has  been  anecdotally  reported.-'--  However,  con- 
trolled studies  are  needed  to  substantiate  these  physiologic 
observations. 

INO  has  been  used  in  other  conditions  involving  pul- 
monary hypertension  and  hypoxemia,  such  as  chronic  ob- 
structive pulmonary  disease-''-'*  and  high  altitude  pulmo- 
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Table  I .      Current  Status  of  Inhaled  Nitric  Oxide  Therapy 


Clinical  diagnosis 

Reference(s) 

Physiological  Effect 

Clinical  Effect 

Pulmonary  hypertension 

Variable  i  PAP 
No  systemic  effect 

PPHN 

4 

i  PAP,   T  P.O, 

i  Need  for  ECMO 

Children  with  valvular  disease 

15 

i  PAP 

Unknown 

Post-CPB  (coronary  and  valvular  surgery) 

16-18 

i  PAP 

Unknown 

Heart  failure 

19,20 

Variable  i  PVR 

Unknown             '. 

Primary  pulmonary  hypertension 

19 

Occasional   i   PAP 

Unknown 

High  altitude  pulmonary  edema 

25 

t  P,o,  i   PAP 

Unknown 

Acute  respiratory  failure 

t  P„o,.  mild  i   PAP 
i   Alveolar  edema? 
J,  Inflammation? 

Neonates 

5 

T     PaO, 

i  Need  for  ECMO 

ards 

7,  13,  14 

t   Pao^.  mild  i   PAP 

No  benefit  beyond 
24  hours 

PAP  =  pulmonary  anery  pressure;  PPHN  =  persistenl  pulmonary  hypertension  of  the  newborn;  Pyoi  =  arterial  oxygen  tension;  ECMO  =  extracorporeal  membrane  oxygenation;  CPB  =  cardio- 
pulmonary bypass;  PVR  =  pulmonary  vascular  resistance;  ARDS  -  acute  respiratory  distress  syndrome. 


nary  edema.^'  Other  applications  are  being  investigated  in 
the  laboratory,  including  the  use  of  INO  in  coronary  artery 
disease,-*  lung  transplantation, ^^  and  ischemia-reperfusion 
injury."  2**  The  present  discussion  is  limited  to  the  most 
common  adult  clinical  applications  of  INO  therapy:  acute 
respiratory  failure  and  pulmonary  hypertension. 


Hyporesponsiveness  to  INO 

The  reason  for  the  highly  variable  physiologic  response 
to  INO  among  patients  and  within  the  same  patient  at 
different  times'^  is  not  understood.  There  is  clearly  a  dy- 
namic component  in  a  patient's  responsiveness  to  INO.  It 
is  not  surprising,  for  example,  that  when  the  pulmonary 
circulation  is  acutely  constricted,  as  in  ARDS,  the  level  of 
pulmonary  vasodilation  achieved  with  INO  is  proportional 
to  the  level  of  active  constriction. '^  In  contrast,  in  chronic 
pulmonary  hypertension,  in  the  face  of  longstanding  arte- 
rial hypertrophy  and  remodeling,  NO  may  be  virtually 
ineffective.  "•2"  However,  the  magnitude  of  pulmonary  va- 
sodilation in  ARDS  is  a  poor  predictor  of  effect  on  Pac'^ 
and  in  many  circumstances  the  reason  for  the  lack  of  re- 
sponse to  INO  is  not  apparent.  Furthermore,  an  initial 
favorable  response  may  fade  within  24  to  72  hours. '"*■'■* 
Table  2  lists  some  of  the  possible  reasons  for  hyporespon- 
siveness to  INO. 

Tachyphylaxis  to  commonly-used  NO  donors  such  as 
glyceryl-trinitrate  and  sodium  nitroprusside  is  well  docu- 
mented, but  is  not  due  to  a  tachyphylaxis  to  NO.  Rather, 
it  seems  mediated  by  a  decreased  release  of  NO.^'  There 
is  no  clinical  or  laboratory  evidence  at  present  of  tachy- 
phylaxis to  INO. 


Table  2.      Possible  Determinants  of  Hyporesponsiveness  to  Inhaled 
Nitric  Oxide 


Mechanism 


Reference(s) 


Comments 


Tachyphylaxis 

Inconsistent  with  clinical 
experience 

Opposing  effects  of  NO 

Not  known  to  be  clinically 
relevant 

Reduced  NO  uptake 

Not  demonstrated 

Concurrent  pathology 

19,32 

"Fixed"  resistance  in  ARDS 
and  chronic  pulmonary 
hypertension 

Homeostatic  response 

33 

INO  inhibits  endogenous  NO 
production 

Activation  of 

34 

Sepsis,  cirrhosis,  inflammation 

endogenous  NO 

Defect  of  the  NO-cGMP 

36 

Decreased  cGMP  and  increased 

signal 

PDE  activity  in  endotoxin 

syndrome;  IN 

infusion 

ARDS  ^  acute  respiratory  distress 

10  =  inhaled  nitric  oxide;  NO  =  nitric  oxide; 

cGMP  =  guanosine  .1'.5'-cyclic  monophosphate; 

PDE  -  phosphodiesterase. 

Since  NO  has  protean  physiologic  effects,  it  is  possible 
that  one  effect  may  oppose  another  and  ultimately  de- 
crease response.  For  example,  NO  is  cytotoxic  by  way  of 
its  formation  of  highly  toxic  free  radicals,""'  but  is  benefi- 
cial as  a  free  radical  scavenger  during  ischemia-reperfusion 
injury."-**  At  present,  however,  there  is  no  clinical  documen- 
tation of  such  an  opposing  action  with  INO. 

INO  would  be  less  effective  in  the  case  of  a  high  ratio 
of  ventilatory  dead  space  to  tidal  volume  (V^/V-j-)  because 
this  high  percentage  of  dead  space  would  decrease  the 
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lung's  NO  uptake.  IifARDS,  the  VpA'j  can  be  signifi- 
cantly elevated,  but  there  is  no  documentation  of  a  corre- 
lation between  the  degree  of  V^/Vj  and  hyporesponsive- 
ness.  One  may  speculate  that,  due  to  the  exceedingly  high 
affinity  of  NO  for  circulating  hemoglobin,  blood  might 
function  as  a  "sink"  for  INO  and  uptake  of  NO  might  not 
be  dependent  on  pulmonary  blood  flow.  On  the  other  hand, 
where  ventilation  is  absent,  INO  cannot  reach  the  blood- 
stream, and  thus  NO  uptake  becomes  dependent  on  alve- 
olar ventilation.  As  would  be  expected,  experimental  ev- 
idence suggests  that  alveolar  recruitment  increases  the 
effect  of  INO.-^i 

When  NO  is  adequately  delivered  to  the  pulmonary  cir- 
culation, hyporesponsiveness  may  still  occur,  for  various 
reasons.  Concurrent  pathology  of  the  pulmonary  circula- 
tion may  prevent  pharmacologic  vasodilation,  not  only  in 
chronic  pulmonary  hypertension  (arterial  remodeling),  but 
also  in  ARDS  from  the  loss  of  vascular  bed  consequent  to 
diffuse  thrombosis  and  embolism. ^^ 

Homeostatic  response  to  NO  of  the  receptor-upregula- 
tion  type  has  not  been  demonstrated.  However,  exogenous 
NO  has  been  observed  to  inhibit  endogenous  NO  synthesis 
in  various  experimental  models,^^  and  it  is  possible  that  a 
negative  feedback  on  endogenous  NO  production  limits 
the  ultimate  effect  of  INO. 

Activation  of  endogenous  NO  synthesis  occurs  in  con- 
ditions characterized  by  vasodilation  and  hyperdynamic 
circulation,  such  as  systemic  inflammation  and  sepsis.'*''  It 
is  reasonable  to  hypothesize  that,  in  the  presence  of  a 
general  increase  in  endogenous  NO  production,  the  effect 
added  by  INO  would  be  minimal.  Clinical  observations 
suggest  that  patients  with  ARDS  and  ongoing  sepsis  are 
less  likely  to  respond  to  INO  therapy. '^-^s  Experimental 
evidence  suggests  that  hyporesponsiveness  to  INO  in  sep- 
sis is  associated  with  a  defect  of  the  NO-cyclic  guanidine 
monophosphate  (cGMP)  signal  transduction  pathway  (Fig. 
l).^''  Several  mechanisms  might  limit  NO  effect  through  a 
defect  of  this  biochemical  pathway:  ''^  (1)  decreased  guan- 
ylate  cyclase  activity;  (2)  increased  phosphodiesterase 
(PDE)  activity;  (3)  abnormal  cGMP-dependent  protein  ki- 
nase or  downstream  signaling  protein;  (4)  impaired  vas- 
cular smooth  muscle  contractility.  In  isolated  perfused  rat 
lung  subjected  to  endotoxin,  the  selective  pulmonary  va- 
sodilatory  effect  of  INO  was  significantly  limited  (Fig.  2), 
coinciding  with  a  decreased  cGMP  release  in  the  perfusate 
and  an  increased  PDE  activity  in  the  lung  (Fig.  3).  These 
and  other  observations  support  the  use  of  pharmacologic 
PDE  blockade  to  enhance  the  effect  of  INO. 

How  to  Enhance  the  Physiologic  Effects  of  INO 

Increasing  the  INO  dose  has  limited  efficacy.  In  adults 
with  respiratory  failure,  10  ppm  NO  is  generally  sufficient 
to  reach  a  maximum  increase  in  P^q  .^'^I'*  While  pulmo- 
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Fig.  1.  Diagram  of  the  NO-cGMP  signal  transduction  pathway. 
NO  =  nitric  oxide;  GTP  =  guanidine  triphosphate;  GMP  =  guani- 
dine monophosphate;  cGMP  =  cyclic  guanidine  monophosphate; 
LPS  =  lipopolysaccharide  (endotoxin).  (Reproduced  from  Refer- 
ence 62,  with  permission.) 


nary  artery  pressure  in  ARDS  may  decrease  slightly  with 
higher  INO  doses,^*  this  gain  is  generally  negligible.  Tox- 
icity from  methemoglobin  and  nitrogen  dioxide  formation 
may  become  significant  at  40  ppm  INO,  so  it  is  currently 
rare  to  administer  more  than  20  ppm  INO  in  ARDS  or 
chronic  pulmonary  hypertension  patients.  A  possible  ex- 
ception is  the  use  of  up  to  80  ppm  NO  in  persistent  pul- 
monary hypertension  of  the  newborn.'' 

Strategies  that  have  been  employed  to  enhance  the  phys- 
iologic effects  of  INO  fall  into  2  main  categories  (Table 
3):  First,  direct  potentiation  of  NO,  such  as  the  use  of  PDE 
inhibitors  and  NO  donors;  second,  means  that  are  effica- 
cious per  se  and  may  have  an  additive  effect  when  used  in 
combination  with  NO,  such  as  alveolar  recruitment  and 
selective  pulmonary  vasoconstriction. 

PDE  inhibitors  may  enhance  the  effect  of  endogenous 
NO  and  INO  by  blocking  the  breakdown  of  cGMP  (see 
Fig.  1).  Zaprinast  is  a  selective  inhibitor  of  the  PDE5 
enzymes  (which  preferentially  inactivate  cGMP)'*^  and  is, 
at  present,  the  best  characterized  and  most  effective.  How- 
ever, because  of  possible  long-term-use  carcinogenicity 
(identified  in  rodent  models),  zaprinast  is  not  available  for 
human  use.  In  animal  models  of  pulmonary  hypertension, 
zaprinast,  either  alone'*"  or  in  combination  with  NO,-"''^ 
decreases  pulmonary  artery  pressure.  In  awake  lambs  with 
pharmacologically-induced  pulmonary  hypertension,  zap- 
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Fig.  2.  Changes  in  pulmonary  artery  pressure  at  increasing  doses 
of  Inhaled  nitric  oxide  (NO)  In  Isolated  perfused  rat  lungs  with  and 
without  llpopolysaccharlde  (LPS)  endotoxin.  Black  bars  represent 
LPS-treated  animals.  White  bars  represent  control  animals.  *  = 
p  <  0.05  between  LPS  and  control  groups.  (Reproduced  from 
Reference  36,  with  permission.) 


rinast  (both  infused"^  and  inhaled'**')  increased  cGMP  pro- 
duction and  enhanced  the  selective  vasodilatory  effect  of  a 
low  dose  of  INO. 

The  most  remarkable  clinical  application  of  a  selective 
PDE5  inhibitor  is  the  use  of  sildenafil  for  the  treatment  of 
male  impotence.''^  Sildenafil  increases  blood  flow  to  the 
corpus  cavemosum  by  enhancing  the  effect  of  NO  re- 
leased locally  by  sexual  arousal.  The  effects  of  sildenafil 
on  pulmonary  hypertension  and  hypoxemia  have  not  been 
tested.  Dipyridamole,  the  only  other  PDE5  inhibitor  avail- 
able for  clinical  use,  can  reduce  pulmonary  hypertension 
in  selected  patients  who  do  not  respond  to  INO  alone."*''' 
The  clinical  utility  of  dipyridamole,  however,  is  substan- 
tially limited  by  its  poor  selectivity  and  its  ability  to  inhibit 
re-uptake  of  adenosine,  which  may  cause  severe  hypoten- 
sion and  coronary  artery  "steal." 

Nitric  oxide  donors  are  substances  that  stimulate  the 
endogenous  production  of  NO.  Common  nitroso-vasodi- 
lators  such  as  glyceryl-trinitrate  and  sodium  nitroprusside 
work  by  releasing  NO.  Systemic  administration  of  nitroso- 
vasodilators,  however,  has  no  pulmonary  selectivity.  The 
rationale  for  using  NO  donors  as  an  alternative  to  INO  is 
that  NO  donors  may  avoid  the  toxicity  related  to  INO,  may 
be  easier  to  administer,  and  may  have  a  longer  duration  of 
action  than  INO.  Aerosolized  NO  donors,  including  glyc- 
eryl-trinitrate and  sodium  nitroprusside,  cause  sustained 
pulmonary  dilation  in  isolated  rabbit  lungs,"**  but  their  dos- 
age and  pulmonary  selectivity  have  not  been  investigated 
in  more  physiologic  models.  Intratracheal  instillation  of 
NO  donors  with  limited  mucosal  permeability**^  and  intra- 
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Fig.  3.  Effect  of  Inhaled  nitric  oxide  (NO)  on  the  NO-cGMP  signal 
transduction  pathway  In  Isolated  perfused  rat  lungs  with  and  with- 
out llpopolysaccharlde  (LPS)  endotoxin.  Black  bars  represent  LPS- 
treated  animals.  White  bars  represent  control  animals.  On  the  left 
(wide  bars):  cGMP  concentration  In  the  perfusate.  On  the  right 
(narrow  bars):  phosphodiesterase  (PDE)  enzyme  activity.  *  =  p  < 
0.05  between  LPS  and  control  group.  (Redrawn  from  Reference 
36,  with  permission.) 


venous  infusion  of  an  ultra-short-acting  NO  donor^o  result 
in  selective  pulmonary  vasodilation  in  animals  with  phar- 
macologically-induced pulmonary  hypertension.  While 
these  results  are  promising,  the  rationale  for  the  clinical 
use  of  NO  donors  does  not  seem  strong  enough  at  present, 
since  INO  is  safe  and  simple  to  administer,  even  for  pro- 
longed periods. 

One  appealing  characteristic  of  INO  therapy  is  that  it 
can  supplement  other  interventions.  While  INO  alone  might 
not  have  a  significant  impact  on  the  outcome  of  severe 
acute  respiratory  failure,'^''*  INO  can  be  a  useful  ancillary 
therapy.  Two  means  by  which  to  complement  INO  therapy 
for  acute  respiratory  failure  are:  ( 1 )  increase  alveolar  re- 
cruitment, and  (2)  add  selective  vasoconstriction. 

The  favorable  effect  of  lung  volume  expansion  on  the 
action  of  INO  was  shown  by  adding  increasing  levels  of 
positive  airway  pressure  in  a  canine  model  of  ARDS.-^' 
Recently,  more  specific  means  of  alveolar  recruitment  have 
been  implemented  in  animals  and  humans  in  association 
with  INO.  In  the  lungs  of  rabbits  with  oleic  acid-induced 
acute  lung  injury,  alveolar  surfactant  decreases  surface 
tension  and  improves  lung  volume  and  compliance.'"  The 
addition  of  INO  significantly  increased  P^o,-  Partial  liquid 
ventilation  with  pertluorocarbon  improves  gas  exchange 
and  lung  mechanics  in  children  and  adults  with  ARDS.  In 
a  rabbit  model  of  congenital  diaphragmatic  hernia,  the 
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Table  3.      Strategies  to  EnWance  the  Physiological  Effects  of  Inhaled  Nitric  Oxide 


Strategy 


Reference(s) 


Mechanism 


Comments 


PDE  Inhibitors 
NO  donors 

Alveolar  recruitment  by  positive  airway 
pressure,  surfactant,  perfluorocarbons, 
prone  position 

Selective  pulmonary  vasoconstriction 


46,  47,  61 

Increase  cGMP 

availability 

48-50 

Decreased  toxicity 

Prolonged  action 

31,51,  52,54 

Increase  NO  uptake 

57,58 

Enhance  HPV 

Difficult  to  find  a  specific  PDE  inhibitor 

for  humans 
No  obvious  advantage 

All  these  forms  of  alveolar  recruitment 
may  increase  response  to  inhaled  NO 

Almitrine,  phenylephrine  may  be  effective 


PDE  =  phosphodiesterase:  cGMP  -  guanosine  3'.5'-cychc  monophosphate:  NO  =  nitric  oxide:  HPV  =  hypoxic  pulmonary  vasoconstriction. 
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Fig.  4.  Effect  of  inhaled  nitric  oxide  (NO)  and  of  the  prone  position 
(PP)  on  the  ratio  of  arterial  oxygen  tension  to  fraction  of  inspired 
oxygen  (Pao/F|Oj)  in  14  ARDS  patients.  Values  are  expressed  as 
percent  change  from  baseline.  TO  through  T4  indicate  the  consec- 
utive study  phases.  Each  line  represents  one  patient,  the  thick  line 
represents  the  mean  of  all  patients.  (Reproduced  from  Reference 
54,  with  permission.) 


addition  of  INO  to  pailial  liquid  ventilation  further  im- 
proved Pao,'^"  The  prone  position  improves  gas  exchange 
in  ARDS  patients  in  part  by  recruiting  collapsed  areas  of 
the  lung.53  Not  all  patients,  however,  have  a  clinically 
significant  response,  and  in  many  the  observed  improve- 
ment of  gas  exchange  may  be  lost  upon  resumption  of  the 
supine  position.  In  a  recent  study  of  14  ARDS  patients,'''' 
the  combination  of  the  prone  position  with  a  low  dose  of 
INO  increased  P^q,  (Fig.  4).  Furthermore,  during  NO  in- 
halation P,,Q^  remained  significantly  higher  than  at  base- 
line when  the  supine  position  was  resumed. 

Hypoxic  pulmonary  vasoconstriction  diverts  blood  flow 
away  from  collapsed  alveoli  and  improves  ventilation/per- 


fusion  match  and  P^q,  in  acute  respiratory  failure.  INO 
increases  blood  flow  to  ventilated  alveoli,  further  diverting 
pulmonary  blood  flow  away  from  shunted  alveoli.''''  Thus, 
the  action  of  hypoxic  pulmonary  vasoconstriction  and  INO 
are  complementary.  Almitrine  is  a  vasoconstrictor  that  can 
enhance  hypoxic  pulmonary  vasoconstriction  and  increase 
P^o,  in  respiratory  failure  of  various  origin.""*  The  combi- 
nation of  almitrine  and  INO  increased  P^q,  in  selected 
patients  with  ARDS'^^'*'*  and  with  focal  lung  lesions*'  more 
than  either  drug  alone.  However,  almitrine  is  not  available 
in  the  United  States  because  of  the  reported  incidence  of 
peripheral  neuropathy  from  prolonged  administration.  Do- 
ering  et  al*°  recently  studied  the  potential  value  of  com- 
bining INO  therapy  with  a  low  dose  of  a  nonselective 
vasodilator,  phenylephrine.  They  found  that  phenylephrine 
alone  increased  P^q^  '"  50%  of  the  patients,  by  an  amount 
similar  to  the  increase  observed  with  INO.  But  in  the  50% 
of  patients  who  did  not  respond  to  phenylephrine,  the  ad- 
dition of  INO  significantly  increased  P^q,-  In  all  the  pa- 
tients, the  effect  of  combining  the  2  drugs  was  superior  to 
the  effect  of  either  treatment  alone. 

Summary 

INO  is  a  selective  pulmonary  vasodilator.  It  can  acutely 
reduce  pulmonary  artery  pressure  and  improve  P^q^  in  a 
variety  of  conditions  involving  pulmonary  hypertension 
and  hypoxemia.  Low  doses  of  NO  have  been  proven  safe. 
However,  not  all  patients  show  a  significant  or  sustained 
response.  To  enhance  the  efficacy  of  INO  therapy,  the 
following  strategies  should  be  considered: 

1.  Focus  clinical  research  on  selected  patient  popula- 
tions and  set  reasonable  goals.  For  example,  chronic  pul- 
monary hypertension  with  established  anatomical  changes 
is  unlikely  to  show  a  sustained  vasodilatory  response  to 
INO.  In  this  population,  however,  NO  can  be  an  important 
diagnostic  tool  to  predict  the  outcome  of  heart  transplan- 
tation. 

2.  Use  INO  for  short-term  indications  since  INO's  effect 
can  fade  over  time.  Examples  include:  pulmonary  hyper- 
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tension  following  cardiopulmonary  bypass,  to  support  the 
function  of  "stunned"  right  ventricle  myocardium;  severe 
ARDS,  to  facilitate  the  implementation  of  other  interven- 
tions, such  as  turning  the  patient  prone;  as  a  temporary 
bridge  to  lung  and  heart-lung  transplant. 

3.  Perform  controlled  studies.  Sufficient  physiologic  data 
have  been  collected  on  INO.  Clinical  research  must  test 
the  efficacy  of  INO  through  controlled  studies.  To  the 
credit  of  investigators  in  this  field,  controlled  studies  were 
designed  early,  and  important  clinical  data  are  already 
available. 

4.  Use  ancillary  therapies  that  enhance  the  effect  of 
INO.  Intravenous  dipyridamole  is  efficacious  in  .selected 
circumstances,  though  more  selective  PDE5  inhibitors 
might  soon  be  available.  Under  adequate  monitoring,  low 
doses  of  a  systemic  vasoconstrictor  can  be  a  useful  addi- 
tion to  INO  in  the  treatment  of  hypoxemia. 

5.  Investigate  other  known  effects  of  NO.  Inhibition  of 
leukocyte  activation  and  platelet  aggregation,  inhibition  of 
inflammatory  cytokine  release,  and  free  radical  scaveng- 
ing are  NO  effects  that  may  be  beneficial  in  critically  ill 
patients.  It  is  possible  that  important  clinical  uses  of  INO 
are  still  to  be  identified. 
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Discussion 

Pearl:  That  was  really  an  excellent 
review.  One  strategy  that  you  may 
want  to  add  to  increase  NO  effects,  in 
the  category  of  NO  donors,  is  inhaled 
prostacyclin  and  prostacyclin  analogs. 
There  are  additive  effects  between 
those  and  NO,  and  that  may  be  a  way 
of  getting  increased  pulmonary  selec- 
tivity in  patients  who  are  hyporespon- 
sive  to  NO  alone. 

Bigatello:  That's  a  very  good  point. 
Which  model  did  you  use? 

Pearl:  We've  done  that  in  rats  with 
U46619  and  with  monocrotaline 
chronic  pulmonary  hypertension 


1.2 
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Pearl:  I  thought  the  article  by  Doer- 
ing'  on  phenylephrine  was  very  provoc- 
ative. There  were  some  problems  with 
it,  but  at  least  my  interpretation  was  that 
phenylephrine  had  effects.  INO  had  ef- 
fects. The  two  did  not  really  interact. 
They  were  more  additive.  It  was  a  small 
study,  and  I  was  wondering  if  anyone 
else  has  had  experience  with  phenyl- 
ephrine, with  or  without  INO. 
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Bigatello:  I  haven't,  but  I  think  this 
is  a  very  good  point.  And  it  actually 
refers  to  any  of  those  3  modalities  that 
I  have  shown.  I  think  Papazian'  s '  study 
of  INO  plus  prone  position  also  shows 
that  both  work  very  nicely.  And,  when 


you  add  them  together,  one  effect  adds 
to  the  other.  But,  that  isn't  a  true  syn- 
ergy. I  don't  know  if  true  synergy  has 
been  shown  for  any  combination  of 
therapy.  I  still  think  one  of  the  things 
I  like  about  INO  is  that  we  can  give  it 
without  having  to  give  up  any  other 
intervention.  And  Hurford  yesterday 
was  talking  about  giving  it  one  day 
and  not  the  other  day,  and  having  it  as 
part  of  our  armamentarium  for  even 
short-term  indications. 
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Stewart:  I  haven't  read  that  article. 
Is  it  really  the  effect  of  the  vasocon- 
striction, or  is  it  just  an  augmentation 
of  the  cardiac  output  and  better  per- 
fusion to  the  lung?  If  that  were  the 
case,  fluid  loading  or  other  inotropes 
may  equally  do  it. 

Bigatello:  I  don't  have  the  exact  an- 
swer to  that.  I  would  suspect  it's  the 
vasoconstriction,  because  fluid  load- 
ing and  other  means  of  increasing  car- 
diac output  sometimes  have  a  very  un- 
predictable effect  on  oxygenation. 

Stewart:  However,  you  pointed  out 
that  it  was  only  a  50%  response  to 
phenylephrine,  which  makes  me  con- 
cerned that  it  might  just  be  the  in- 
creased cardiac  output. 

Bigatello:  But  on  the  average,  there 
wasn't  an  increase  in  cardiac  output. 

Rich:  On  one  of  your  slides,  you 
mentioned  that  INO  may  be  very  ef- 
fective after  cardiopulmonary  bypass, 
and  you  said  you  hoped  for  some 
blinded  clinical  trials.  Obviously  I'd 
love  to  do  that;  nobody  else  has.  Do 
you  have  any  ideas  for  end  points 
where  you  can  actually  study  it  to  see 
if  there  is  a  difference  with  INO? 


Bigatello:  I  think  the  main  difficulty 
is  the  patient  population.  What  you 
said  yesterday  was,  I  think,  very  true — 
that  to  prospectively  define  the  patient 
population  is  going  to  be  hard,  be- 
cause 80%  of  your  patients  will  not 
need  any  vasodilator  treatment.  So  you 
have  to  design  a  very  large  study  where 
the  actual  problem  is  very  rare.  Now, 
as  far  as  end  points,  timing  of  coming 
off  bypass  could  be  one.  Successfully 
coming  off  bypass  could  be  an  end 
point.  If  your  patient  doesn't  respond 
to  INO,  what  are  you  going  to  use?  So 
what  is  going  to  happen?  You  can  go 
through  that  better  than  I  can  because 
you  are  a  cardiac  anesthesiologist,  but 
you  may  have  to  start  PDE3  inhibitors 
in  all  of  them.  Do  they  work?  They 
do;  maybe  if  you  compare  them  and 
find  out  that  they  work  exactly  as  much 
as  INO,  then  maybe  INO  is  not  so 
useful.  Our  cardiac  anesthesiologists 
up  until  a  year  or  two  ago  had  decided 
they  would  just  not  use  INO.  They 
think  it  may  be  helpful,  but  they  think 
that  in  their  hands  prostaglandin  E2  (I 
think  that's  what  they  used)  works  just 
as  well.  I  think  they're  actually  chang- 
ing now.  So  my  end  point  would  be 
coming  off  bypass.  Sometimes  you  re- 
ally are  stuck  there,  right? 

Rich:  It  would  be  my  guess  that  it 
won't  show  anything  with  that  as  an 
end  point.  I  think  that's  why  the  study 
hasn't  been  done. 

Bigatello:  But  end  points  can  be 
physiological.  You  don't  have  to  show 
that  nitric  improves  survival  in  those 
patients.  But  if  you  can  show  it  de- 
creases pulmonary  vascular  resistance 
and  increases  cardiac  output  better 
than  dobutamine  or  milrinone,  I  think 
a  lot  of  people  would  use  it. 

Head:  This  is  merely  a  comment.  I 
have  no  substance  to  back  this  up,  but, 
from  my  studies  in  sheep  with  hypoxic 
pulmonary  vasoconstriction  (HPV), 
I've  never  seen  a  vasoconstrictor  more 
potent  than  HPV.  So  it's  hard  for  me 


338 


Respiratory  Care  •  March  1999  Vol  44  No  3 


Strategies  to  Enhance  the  Efficacy  of  Nitric  Oxide  Therapy 


to  believe  that  adding  rfh  alpha  ago- 
nist would  enhance  HPV.  It  may.  I 
can't  get  to  that  level  by  looking  at 
PET  (positron  emission  tomography) 
images  or  ventilation-perfusion  ratio 
(V/Q).  It  makes  me  think  about  this 
differently.  If  phenylephrine  had  an 
effect,  it  might  have  an  effect  on  hy- 
poventilated  regions,  possibly,  as  op- 
posed to  enhancing  hypoxic  pulmo- 
nary vasoconstriction.  Just  food  for 
thought.  Do  you  have  any  comments 
about  that? 

Bigatello:  Your  observation  goes 
back  to  the  model  of  hypoxic  pulmo- 
nary vasoconstriction  of  Marshall' 
who  showed  very  clearly  that  the  larger 
the  hypoxemic  segment  of  the  lung, 
the  stronger  HPV  is.  So,  I  would  imag- 
ine that  if  you  have  horrendous  hy- 
poxemia, adding  phenylephrine  won't 
do  much.  But  if  you  have  some  V/Q 
mismatch  and  the  segment  of  true  hyp- 


oxia is  not  so  large,  then  maybe  a  va- 
soconstrictor helps. 
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Pearl:  I'd  like  to  disagree  a  little  bit 
with  the  last  2  comments.  I  don't  con- 
sider HPV  to  be  very  potent  at  all.  In 
fact,  in  a  lot  of  animal  species,  you 
won't  see,  with  global  hypoxia,  much 
of  an  increase,  at  least  in  pulmonary 
pressures,  as  opposed  to  other  stimuli, 
like  U46619,  which  you  can  continue 
giving  until  you  stop  blood  flow  com- 
pletely. We  know  clinically  that  many 
factors,  including  pulmonary  hyper- 
tension, will  markedly  decrease  the  ef- 
ficacy of  HPV  in  shunting  blood.  So, 
I  think  we  clearly  do  have  the  ability 
to  potentiate  the  effects  of  HPV,  and 
strengthen  it,  and  certainly  almitrine 


very  clearly  does  that  and  is  effective 
in  improving  oxygenation  in  ARDS. 
Whether  phenylephrine  is  really  do- 
ing the  same  thing  versus  acting  as  a 
general  global  vasoconstrictor  that's 
not  related  to  hypoxic  areas  is,  I  think, 
a  real  question  in  its  use. 

Hurford:  Certainly,  some  of  the  dis- 
agreement may  be  with  experimental 
models  and  species  and  the  great  vari- 
ability among  them.  The  other  thing 
that  can  be  variable  among  patients  is 
the  patients'  own  HPV  response.  Sep- 
sis can  certainly  blunt  HPV  and  make 
it  a  much  less  potent  stimulus,  as  I 
think  Ron  (Pearl)  said,  which  gives  at 
least  some  credence  to  the  idea  of  what 
Dr  Zapol  has  called  'shunt  control,'  if 
you  will,  in  constricting  segments  that 
are  not  well  ventilated  and  trying  to 
dilate  ones  that  are,  and  overcoming 
or  providing  general  vasoconstriction 
through  an  intravenous  agent. 
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Introduction 

Nitric  oxide  (NO)  continues  to  be  a  molecule  of  partic- 
ular medical  interest,  having  diverse  functions  in  the  hu- 
man body.  Recently,  Drs  Furchgott,  Ignarro,  and  Murad 
received  the  Nobel  Prize  for  their  work  on  the  discovery  of 
NO  as  a  signaling  molecule  in  the  cardiovascular  system. 
Early  clinical  work  focused  on  NO  gas  as  a  selective  pul- 
monary vasodilator  when  inhaled  in  low  concentrations.' 
Inhaled  NO  (INO)  stimulates  endogenous  guanylate  cy- 
clase, producing  an  increase  in  cyclic  guanidine  mono- 
phosphate (cGMP),  which  results  in  a  reduction  of  intra- 
cellular calcium  and,  thereby,  a  reduction  in  vascular  tone.- 
This  reduces  pulmonary  artery  pressure  without  a  reduc- 
tion in  systemic  arterial  pressure,  because  NO  binds  rap- 
idly with  hemoglobin  (Hb),  which  then  inactivates  NO's 
vasodilator  effect.  This  selective  pulmonary  vasodilation 
can  be  beneficial  to  newborn  and  adult  patients  suffering 
from  pulmonary  hypertension.^"''  In  addition,  because  the 
NO  is  inhaled,  it  only  reaches  the  ventilated  regions  of  the 
lung,  so  the  resulting  vasodilation  occurs  only  in  the  ven- 
tilated lung  regions;  this  can  help  alleviate  pulmonary  shunt- 
ing and  thereby  improve  arterial  oxygenation.^ 

Research  led  by  Zapol,  Roberts,  and  others  has  pioneered 
the  safe,  clinical  administration  of  NO  gas  for  a  host  of  pul- 
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monary  disease  processes.'*-'"  Recent  discoveries  of  other 
potential  clinical  applications  of  INO,  relating  to  its  effects  on 
blood  components,  will  also  be  discussed  herein. 

INO's  vasodilation  is  selective  for  the  pulmonary  vas- 
culature because  NO  has  a  high  affinity  for  Hb."  Since 
most  of  the  early  NO  research  focused  on  NO's  effects  in 
the  lungs,  the  effects  of  NO  in  the  blood  were  considered 
to  be  minimal  (so  long  as  methemoglobin  [metHb]  levels 
were  not  significantly  increased).  Unfortunately,  it  is  not 
that  simple.  Several  studies  have  shown  that  INO  can  have 
effects  outside  the  lung  by  binding  to  various  blood  ele- 
ments.'2-'-''  There  is  an  advantage  to  delivering  NO  to  the 
blood  during  breathing,  however;  because  of  the  large  al- 
veolar surface  area,  the  lungs  allow  NO  to  be  easily  ex- 
posed to  the.se  blood  elements  (Fig.  1). 

Knowledge  of  the  effects  of  NO  on  blood  components 
raises  interesting  questions  regarding  various  disease  pro- 
cesses and  potential  novel  therapies  for  the  cardiovascular 
system,  sickle  cell  disease  (SCD),  and  ischemia-reperfu- 
sion  injury  (particularly  with  whole  organ  transplantation). 
This  review  focuses  primarily  on  our  work  on  the  effects 
of  NO  on  red  blood  cells  (RBCs)  with  sickle  hemoglobin 
(HbS),  and  secondarily  on  NO  effects  on  other  blood  com- 
ponents, including  platelets  and  white  blood  cells  (WBCs), 
particularly  as  they  relate  to  thrombosis.  It  should  be  noted 
that  our  understanding  of  NO's  effects  on  these  blood 
components  is  growing  rapidly,  most  mechanisms  are  not 
yet  fully  understood,  and  much  work  remains  to  be  done 
before  full  application  in  the  clinical  setting. 

Sickle  Cell  Disease 

Sickle  cell  disease  is  a  hemolytic  and  thrombotic  disor- 
der in  which  the  deoxygenation  of  the  abnormal  HbS 
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Fig.  1 .  Nitric  oxide  transfer  to  blood  elements.  NO  =  nitric  oxide;  Hb  =  hemoglobin  (each  with  4  sites  where  NO  can  bind). 


within  the  RBC  causes  bizarre  deformations  of  the  cell, 
usually  resulting  in  a  sickle  shape.  Interestingly,  this  is  a 
"molecular  disease'"  produced  by  the  replacement  of  a  sin- 
gle amino  acid,  glutamine,  by  the  neutrally-charged  valine 
in  the  sixth  position  of  Hb  j3-chain.'^'^  This  disease  af- 
fects approximately  70,000  people  in  the  United  States.  It 
is  a  life-long  chronic  illness  that  leads  to  repeated  hospi- 
talization and  early  death.  The  average  life  expectancy  of 
people  with  this  disease  is  only  40  to  50  years. 

When  HbS  deoxygenates,  it  aggregates  into  large  poly- 
mers, resulting  in  distortion  of  the  normal  disc-shaped 
RBC.  This  produces  a  marked  decrease  in  RBC  deform- 
ability,  inability  of  the  RBCs  to  squeeze  through  the  mi- 
crovasculature,  and,  therefore,  vaso-occlusion.  These  rigid 
cells  are  responsible  for  the  vaso-occlusive  phenomena 
that  are  the  hallmark  of  SCD.  '^'^  Interaction  between  sickle 
RBCs  and  the  microvasculature  endothelium  plays  an  im- 
portant role  in  the  pathogenesis  of  SCD.  Though  the  dis- 
ease is  produced  by  a  single  deoxyribonucleic  acid  point 
mutation,  the  unpredictable  nature  of  vaso-occlusion  is 
probably  a  manifestation  of  the  multiple  and  complex  in- 
teractions of  sickle  RBCs  and  the  microvasculature,  mod- 
ulated by  integrins,  adhesion  molecules,  and  plasma  pro- 
teins.'"^-o  It  is  believed  that  NO  plays  a  role  in  modification 
of  these  blood  elements  and  the  endothelium. 

Sickle  cell  disease  produces  a  chronic  hemolytic  anemia 
as  the  spleen  tries  to  remove  these  abnormal  RBCs.  The 
sickle  RBC  life  expectancy  is  at  least  one  third  less  than  a 


normal  Hb  RBC."  However,  the  most  important  aspects 
of  this  disease  relate  to  its  morbidity  and  mortality,  which 
revolve  around  the  problem  of  microthrombosis.-"-'  Mi- 
crothrombosis  occurs  throughout  the  lifespan  of  the  indi- 
vidual, and  almost  every  organ  system  is  affected  by  the 
resulting  ischemia.  The  thrombosis  increases  the  incidence 
of  stroke  and  renal  and  cardiopulmonary  dysfunction,  in- 
creasing morbidity  and  mortality. "*-2' 

Some  studies  have  suggested  that  the  blood  of  SCD 
patients  is  always  in  a  heightened  state  of  thrombosis  by 
release  of  substances  such  as  platelet  activating  factor.^' 
Dysfunctional  endothelium  also  plays  an  important  role  in 
thrombus  formation  because  it  enhances  the  possibility  of 
cell  adhesion. 22  jjq^  ^  therapy  that  reduces  thrombus  for- 
mation would  be  beneficial  in  SCD,  and  these  antithrom- 
botic effects  would  be  in  addition  to  minimizing  the  ab- 
normal sickle  RBC  morphology  that  affects  blood  rheology. 
Therefore,  the  potential  beneficial  effects  of  NO  on  the 
endothelium,  RBC,  WBC,  and  platelets  may  serve  as  a 
novel  therapeutic  approach  to  the  treatment  of  SCD. 

In  summary,  the  clinical  problems  associated  with  SCD 
include  hemolytic  anemia  and  thrombosis  created  by  ab- 
normal RBCs  and  enhanced  prothrombotic  conditions.  The 
result  is  microvasculature-induced  ischemia  and  end  organ 
damage.  Therapy  should  be  directed  at  the  multi-factorial 
aspects  of  this  disease.  Though  no  single  drug  can  be 
expected  to  address  all  of  these  issues,  I  wish  to  first 
introduce  our  findings  on  NO  modification  of  HbS  RBCs, 
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Fig.  2.  Comparison  of  liemoglobin  oxygen  dissociation  curves 
(ODC).  Curve  representing  HbS  modified  \N\\h  NO  resembles  the 
curve  representing  HbA.  HbF  =  Fetal  hemoglobin  (P50  of  20  mm 
Hg);  HbA  =  Adult  hemoglobin  (P50  of  27  mm  Hg);  HbS  =  Sickle 
hemoglobin  (P50  of  37  mm  Hg). 


and  then  consider  other  NO  blood  component  modifica- 
tions that  might  also  be  beneficial. 

Red  Blood  Cells 

NO's  affinity  for  Hb  is  10,000  times  greater  than  that  of 
oxygen.-^  NO  diffuses  through  the  alveolar-capillary  mem- 
brane 5  times  faster  than  carbon  monoxide. -''  When  NO 
binds  to  Hb  it  produces  a  conformational  change  in  the 
heme  moiety.  When  NO  binds  to  oxyhemoglobin  it  forms 
metHb  by  converting  ferrous  heme  to  ferric  heme."  Be- 
cause metHb  will  not  carry  oxygen,  it  is  considered  a  toxic 
product  of  NO.  However,  there  are  4  ways  the  body  can 
handle  metHb.  Mostly,  nicotinamide  adenine  dinucleotide 
metHb  reductases  lower  metHb  levels.  Nicotinamide  ad- 
enine dinucleotide  phosphate  metHb  reductase,  glutathi- 
one, and  ascorbic  acid  can  also  reduce  metHb,  but  are 
much  slower.  Since  the  body  produces  NO,  it  is  not  sur- 
prising that  the  body  can  handle  a  certain  amount  of  this 
toxic  product.  However,  when  we  administer  NO  we  must 
be  careful  not  to  overcome  the  body's  ability  to  handle  the 
added  stress  of  heme  oxidation.  Each  individual,  and  par- 
ticularly infants,  may  have  different  levels  of  metHb  re- 
ductase enzyme  capability,  which  in  part  determine  their 
ability  to  handle  high  doses  of  NO  heme  oxidation.  Pre- 
mature infants  may  not  have  the  necessary  enzymatic  ac- 
tivity to  reduce  high  levels  of  metHb,  and  elevations  in 
metHb  levels  may  appear  in  the  blood  faster  in  infants  than 
in  adults.  Furthermore,  fetal  hemoglobin  (HbF)  binds  both 
NO  and  oxygen  faster  than  adult  hemoglobin  (HbA), 2" 
which  is  reflected  in  a  left  shift  of  the  oxygen  dissociation 
curve  (ODC)  (Fig.  2).  These  Hb-RBC  effects  are  well 
known. 

Rimar  noted  in  an  elegant  study  that  INO  is  a  selective 
pulmonary  vasodilator  because  its  vascular  effects  are  in- 
hibited upon  binding  to  Hb."  This  high  affinity  for  Hb 
works  to  our  advantage,  as  long  as  the  NO  load  does  not 


exceed  the  capacity  of  the  metHb  reductases  to  prevent 
toxicity. 

In  a  paper  published  in  Nature,  Jia  et  al  suggest  that  Hb 
can  carry  NO  to  the  microvasculature,  where  it  is  then 
unloaded.-''  This  is  a  totally  new  approach  to  the  possible 
transport  of  NO  by  Hb.  It  appears  that  not  all  of  the  NO 
that  reaches  the  RBC  will  oxidize  the  heme  moiety:  some 
will  bind  to  proteins.  Therefore,  NO  can  actually  be  trans- 
ported in  the  RBC  by  binding  at  non-heme  sites  (specifi- 
cally, pCys-93).  As  oxygen  unloads  in  the  microcircula- 
tion, NO  can  also  unload.  This  would  be  beneficial  for 
local  vascular  control.  It  is  an  intriguing  possibility  that  the 
RBC  (specifically,  the  Hb)  might  transport  NO  for  normal 
physiologic  functions. 

The  ODCs  of  different  types  of  Hb  (HbA,  HbS,  and 
HbF)  are  shown  in  Figure  2.  Each  type  of  Hb  can  react 
differently  with  NO.  For  instance,  HbF  has  a  greater  af- 
finity for  NO  than  HbA.^-*  In  addition,  unlike  RBCs  with 
normal  HbA,  RBCs  with  HbS  have  an  abnormally  right- 
shifted  ODC,  suggesting  low  affinity  for  oxygen.-^  This 
produces  a  higher  Pjq  value  (arterial  oxygen  tension  [P^q  ] 
at  which  50%  of  the  Hb  is  saturated  with  oxygen).  This 
reduced  oxygen  affinity  results  from  mild  increases  in  2,3- 
diphosphoglycerate  (DPG)  and  intracellular  polymeriza- 
tion of  HbS.  Under  stable  conditions,  an  increase  in  oxy- 
gen affinity  (ie,  reduced  P50  value)  would  reflect  a  reduction 
in  2,3-DPG  or  a  reduction  in  HbS  polymerization. 

In  a  transgenic  mouse  model  of  sickle  cell  disease,  a 
chemical  modification  of  HbS  that  increased  oxygen  af- 
finity improved  survival  under  hypoxic  conditions. ^'^  Other 
investigators  have  also  demonstrated  that  increasing  oxy- 
gen affinity  of  HbS  by  exposure  to  sodium  cyanate  or 
carbon  monoxide  reduces  HbS  RBC  sickling  in  vitro. -^-2' 
However,  these  agents  are  too  toxic  for  clinical  use.'"'  High 
concentrations  of  NO  have  also  been  demonstrated  to  in- 
crease oxygen  affinity  in  AA  RBCs;  however,  significant 
metHb  was  also  produced." 

Our  research  group  studied  the  effect  of  nontoxic  con- 
centrations of  NO  gas  on  the  oxygen  affinity  of  SS  RBCs. 
In  our  study,  the  effect  of  INO  on  the  oxygen  affinity  of 
RBCs  with  SS  or  AA  was  evaluated  by  measuring  the 
ODC  and  P50  in  vitro  and  in  human  subjects  breathing 
INO.  '2  We  found  that  exposure  of  SS  RBCs  to  80  parts  per 
million  (ppm)  NO  gas  by  volume,  both  in  vitro  and  in 
vivo,  increases  oxygen  affinity  without  producing  signif- 
icant metHb  levels.  In  theory,  this  should  reduce  sickling 
of  HbS  RBCs  and  improve  survival. 

In  vitro,  AA  RBCs  and  SS  RBCs  respond  differently  to 
NO.  When  we  exposed  SS  RBCs  to  80  ppm  NO  gas  in  air 
for  15  minutes,  oxygen  affinity  increased  and  the  ODC 
shifted  left  significantly  (toward  normal)  (Fig.  3,  Panel  A). 
The  shape  of  the  ODC  curve  did  not  change  during  NO 
exposure,  which  suggests  that  the  cooperativity  of  oxygen 
binding  is  preserved.  Exposing  SS  RBCs  to  NO  for  15 


342 


Respiratory  Care  •  March  1999  Vol  44  No  3 


Effects  of  Inhaled  Nitric  Oxide  on  Blood  Elements 


36 
35 
34 
33 
32 
31 
30 
29 
26 


10      40 
NO  (ppm) 


80 


B 


35 


^         30 


25 


20 


-»— Hb-S 
-b— Hb-A 


Air 


Alr  +  NO 


40 
35 
30 
25 
20 
15 


10 


20    30    40 
Tlnis  (min) 


50 


60 


Fig.  3.  In  vitro  exposure  to  low  concentrations  of  NO  gas  increases  SS  RBC  oxygen  affinity.  (A)  Representative  SS  RBC  ODC  w/lth 
(dashed-line  curve)  and  without  (solid-line  curve)  15  minutes  of  exposure  to  80  ppm  NO  in  room  air.  Exposure  to  NO  shifted  the  SS  RBC 
ODC  to  the  left,  and  the  sigmoid  shape  was  maintained.  (B)  The  mean  value  (±  standard  error)  RBC  P50  of  blood  samples  SS  (diamonds, 
n  =  10)  and  AA  (triangles,  n  =  3)  were  measured  after  exposure  to  air  or  air  with  80  ppm  NO  for  15  minutes.  NO  exposure  decreased  the 
SS  RBC  P50  by  15%,  or  5  mm  Hg  (*p  <  0.001),  as  compared  to  the  ODC  derived  without  NO  exposure.  There  was  no  difference  (p  >  0.05) 
in  the  AA  RBC  P50  with  or  without  NO.  (C)  The  SS  RBC  P50  (±  standard  error)  of  SS  volunteers  (n  =  3)  exposed  to  air  or  air  containing 
concentrations  of  10,  40,  or  80  ppm  INO  for  15  minutes.  There  was  a  reduction  of  SS  RBC  P50  at  each  dose;  however,  only  the  80  ppm 
dose  caused  significant  change  (*p  >  0.05).  (D)  The  mean  RBC  P50  using  blood  from  SS  volunteers  {n  =  3)  exposed  to  air  or  air  with  80 
ppm  NO  added  for  periods  of  1 ,  5,  30,  and  60  minutes.  No  change  in  P50  was  noted  after  1  minute.  However,  a  reduction  in  the  SS  RBC 
P50  was  noted  after  5  minutes,  and  this  was  unchanged  after  longer  exposure  to  INO.  RBC  metHb  levels  measured  with  the  Corning 
CO-Oximeter  were  low  (<  3%)  after  60  minutes  of  80  ppm  INO.  NO  =  nitric  oxide;  RBC  =  red  blood  cell;  ODC  =  oxygen  dissociation  curve; 
P50  =  arterial  oxygen  tension  at  which  50%  of  the  Hb  is  saturated  with  oxygen;  metHb  =  methemoglobln. 


minutes  decreased  the  P50  by  15%  (see  Fig.  3,  Panel  B). 
The  increase  in  SS  RBC  oxygen  affinity  was  directly  pro- 
portional to  the  NO  concentration  (see  Fig.  3,  Panel  C), 
and  the  effect  on  P50  depended  on  the  duration  of  exposure 
(see  Fig.  3,  Panel  D).  Interestingly,  the  oxygen  affinity  of 
HbA  RBCs  was  not  affected  by  80  ppm  NO  for  1 5  min- 
utes. This  suggests  that,  in  vitro,  the  oxygen  affinity  of  SS 
RBCs  is  uniquely  sensitive  to  NO  gas.  Note  that  in  these 
experiments,  80  ppm  NO  for  up  to  60  minutes  produced 
minimal  amounts  of  metHb  (<  3%). 


The  results  of  in  vivo  experiments  agreed  with  the  above 
in  vitro  results.  The  RBC  P50  of  SS  Hb  and  AA  Hb  vol- 
unteers was  measured  before  and  after  administering  80 
ppm  INO  in  air  for  45  min.  In  SS  volunteers,  RBC  P50  was 
significantly  decreased  (Fig.  4),  whereas  the  AA  volun- 
teers showed  no  change  in  RBC  P50.  In  5  of  the  7  volun- 
teers, the  RBC  P50  remained  decreased  1  hour  after  INO 
was  discontinued,  which  suggests  that  the  effect  of  NO  on 
the  oxygen  affinity  of  SS  RBCs  persists  after  NO  is  with- 
drawn. In  all  the  subjects  breathing  80  ppm  NO  in  air  for 
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Fig.  4.  INO  increases  RBC  oxygen  affinity  in  SS  volunteers.  The 
average  reduction  of  the  RBC  P50  of  10  studies  with  9  stable  SS 
volunteers  (curves  marked  w/ith  boxes)  was  ~5  mm  Hg  (range  3-8 
mm  Hg;  p  <  0.001)  after  receiving  INO  at  80  ppm  NO  for  45 
minutes.  In  1  SS  volunteer,  the  RBC  P50  did  not  change.  Normal 
volunteers  (curves  marked  with  dots)  showed  no  change  (<  1  mm 
Hg)  in  AA  RBC  P50  during  receipt  of  INO.  Blood  samples  were 
taken  from  3  AA  and  7  SS  volunteers  while  breathing  air,  1  hour 
after  receiving  INO.  Five  of  the  7  volunteers  maintained  the  RBC 
P50  reduction  for  at  least  1  hour.  In  all  the  subjects,  erythrocytic 
2,3-diphosphoglycerate  and  ATP  levels,  venous  pH,  and  blood 
gas  tensions  did  not  change  after  45  minutes  of  INO,  and  no 
clinical  side  effects  were  noted.  The  mean  metHb  levels  after  45 
minutes  of  INO  were  low  for  SS  RBCs,  and  returned  to  baseline 
after  60  minutes,  although  the  INO  effects  persisted.  RBC  =  red 
blood  cell;  ODC  =  oxygen  dissociation  curve;  P50  =  arterial  oxy- 
gen tension  at  which  50%  of  the  Hb  is  saturated  with  oxygen; 
metHb  =  methemoglobin;  NO  =  nitric  oxide;  INO  =  inhaled  nitric 
oxide. 


45  minutes,  the  RBC  adenosine  triphosphate  and  2,3-DPG 
concentrations  did  not  change.  Blood  pressure,  respiratory 
and  heart  rates,  pulse  oximetry,  venous  blood  pH,  and 
electrocardiogram  were  also  unchanged  during  receipt  of 
INO. 

The  most  important  finding  of  this  study  was  that,  both 
in  vitro  and  in  vivo,  SS  RBC  Hb  oxygen  affinity  increases 
on  exposure  to  NO,  and  that  this  NO  exposure  did  not 
produce  clinically  important  metHb  levels.  In  contrast,  AA 
RBC  oxygen  affinity  was  unaffected  by  NO,  either  in  vitro 
or  in  vivo. 

The  exact  mechanism  by  which  low  concentrations  of 
NO  augment  the  oxygen  affinity  of  SS  RBCs  (but  not  AA 
RBCs)  is  unknown.  The  reaction  between  NO  and  the 
heme  moiety  of  Hb  has  been  studied  in  great  detail  using 
extremely  high  NO  concentrations  (up  to  100%).^ '-'''■'''* 
However,  our  paper  was  the  first  to  show  the  effects  of 
clinical  doses  of  NO  on  sickle  RBCs.^^  Wg  know  that 
low-concentration  INO  has  been  safely  used  to  dilate  pul- 
monary vasculature  in  various  pulmonary  disorders,  such 
as  the  acute  respiratory  distress  syndrome  (ARDS)  and 
pulmonary  hypertension.'^-^'^  NO  avidly  binds  to  the  heme 
moiety  in  Hb  and  releases  more  slowly  than  oxygen. ■''' 
Therefore,  NO  may  increase  the  tendency  for  the  HbS 


conformation  to  be  maintained  in  the  R  (high  affinity) 
state.  Since  only  deoxyhemoglobin  S  (T  state  HbS)  poly- 
merizes,^* any  intervention  that  favors  the  R  state  over  T 
state  should  reduce  HbS  polymerization.  Most  likely,  NO 
modification  of  HbS  reduces  intracellular  HbS  polymer- 
ization, which  explains  the  increased  oxygen  affinity.  Since 
HbA  does  not  form  polymers  under  any  conditions,  NO 
would  have  no  effect  on  the  oxygen  affinity  of  AA  RBCs. 

Interestingly,  NO  can  also  affect  other  portions  of  the 
Hb  molecule.  Moriguchi  et  al  showed  that  the  N-terminal 
valine,  and  possibly  other  amino  groups  of  HbA  within  the 
2,3-DPG  cleft,  are  modified  by  NO  gas,  becoming  more 
electronegative."  It  is  known  that  HbS  carries  a 
glutamine^valine  substitution  at  ^6,  making  HbS  less 
negative  than  HbA.  Since  this  site  determines  HbS  poly- 
merization, NO-mediated  modification  might  reduce  intra- 
cellular polymerization,  thereby  increasing  HbS  oxygen 
affinity. 

Thiol  groups  (such  as  /3Cys-93)  also  interact  with  NO 
producing  S-nitrosothiols,  which  may  play  a  role  in  the 
control  of  vascular  tone.--''-^'*  Interestingly,  Hb  Okazaki  (a 
/3Cys-93-Arg  variant),  demonstrates  increased  oxygen  af- 
finity.^"* It  is  possible  that  the  oxygen  affinity  of  S-nitro- 
sothiols HbS  behaves  like  Hb  Okazaki.  Moreover,  |3Cys-93 
plays  a  crucial  role  in  both  Hb  oxygen  affinity  and  HbS 
polymerization.  Therefore,  a  significant  reduction  in  both 
P5Q  and  HbS  polymer  formation  may  be  observed. 

We  found  no  increase  in  oxygen  affinity  of  AA  RBCs 
after  exposure  to  80  ppm  NO  gas.  In  contrast,  Kon  et  al 
found  that  very  high  concentrations  of  NO  can  increase 
oxygen  affinity  in  HbA  RBCs.''  However,  it  is  unclear 
whether  the  HbA  effects  of  this  high  NO  dose  (up  to 
100%)  reflects  metHb  production,  since  metHb  also  pro- 
duces a  left  shift  in  the  ODC. 

In  summary,  our  results  demonstrate  that  low-concen- 
tration NO  increases  the  oxygen  affinity  of  SS  RBCs  both 
in  vitro  and  in  vivo.  Low  concentration  NO  did  not  alter 
the  oxygen  affinity  of  AA  RBCs,  suggesting  that  the  effect 
of  NO  was  selective  for  SS  RBCs.  Similar  effects  on  SS 
RBC  oxygen  affinity  were  observed  in  SS  volunteers  and 
were  not  associated  with  significant  metHb  levels,  changes 
in  RBC  2,3-DPG,  ATP,  or  systemic  hypotension.  It  should 
be  noted  that  our  studies  were  conducted  over  short  peri- 
ods, and  that  additional  studies  are  needed  to  determine  the 
long-term  effects  of  INO  therapy  in  SCD  patients.  Also, 
studies  are  needed  in  animal  models  and  in  patients  to 
effectively  determine  the  duration  of  NO's  effect  and  its 
effect  on  long-term  outcome.  However,  because  interven- 
tions designed  to  increase  SS  RBC  oxygen  aftmity  de- 
crease RBC  sickling,  our  results  suggest  that  INO  may 
represent  a  novel  therapeutic  approach  to  the  treatment 
of  SCD. 
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Efidothelium 

Though  not  all  SCD  patients  are  hypoxic  during  sictcle 
cell  crisis,  INO  can  help  optimize  oxygenation  and  venti- 
lation-perfusion  matching  in  most  cases.  One  of  the  most 
life-threatening  events  associated  with  SCD  is  acute  chest 
syndrome.  Clinically,  acute  chest  syndrome  appears  much 
like  ARDS  in  many  ways.  Acute  chest  syndrome  patients 
are  hypoxic,  often  require  mechanical  ventilation,  and  chest 
radiographs  appear  much  like  those  of  ARDS.  INO  may  be 
particularly  important  in  acute  chest  syndrome,  since  these 
patients  have  poor  ventilation-perfusion  matching,  much 
like  in  ARDS  patients.  There  is  1  case-report  describing 
substantial  benefit  from  INO  in  2  patients  with  acute  chest 
syndrome.-"'  However,  these  patients  also  received  an  "ex- 
change" blood  transfusion,  so  the  actual  role  of  INO  in 
their  improvement  remains  unclear. 

The  physical  state  of  the  endothelium  is  an  important 
aspect  of  thrombus  formation  and  cell  adherence.  Basal 
release  of  endogenous  NO  most  likely  contributes  to  the 
lack  of  cell  adherence  in  normal  endothelium.^'  Damaged 
or  dysfunctional  endothelium  signals  circulating  proteins 
(such  as  fibrinogen),  which  are  absorbed  by  the  dysfunc- 
tional endothelium.  This  endothelial  signal  sets  off  a  cas- 
cade of  platelet  interactions  and  adhesion  processes,  form- 
ing a  thrombus.  Platelets  adhere  to  the  surface  of  the 
endothelium  and  produce  adhesion  proteins  such  as  P- 
selectin.  In  turn,  P-selectin  interacts  with  platelets,  WBCs, 
and  the  endothelium,  encouraging  clot  formation. 

A  study  using  NO  donor  compounds  during  organ  trans- 
plantation suggested  that  exogenous  NO  provides  addi- 
tional protection  to  the  endothelium  during  cold  ischemia 
and  reperfusion  of  transplanted  organs.-*-  Nitric  oxide  do- 
nors can  greatly  increase  the  ischemic  time  for  successful 
organ  transplantation.-"^^''  The  exact  mechanism  of  this 
protection  is  unclear,  but  it  is  most  likely  that  during  en- 
dothelial stress,  exogenous  NO  protects  endothelium  by 
reducing  inflammation,  and  platelet  and  white  cell  adhe- 
sion. This  effect  would  also  reduce  thrombosis  formation 
and  therefore  should  be  valuable  in  the  treatment  of  SCD. 

Platelets 

Some  ARDS  patients  have  been  observed  to  have  pro- 
longed bleeding  times  during  INO  therapy.-*^  ■"*  In  most 
situations  this  prolonged  bleeding  time  has  not  been  clin- 
ically significant.  However,  the  increased  bleeding  time 
suggests  that  INO  modifies  blood  components,  such  as 
platelets,  as  they  pass  through  the  lung  vasculature,  and 
that  NO  reduces  platelet  aggregation,  which  would  be  par- 
ticularly beneficial  for  patients  with  cardiac  disease  or 
thrombotic  disorders  such  as  SCD.  NO  donor  drugs,  such 


as  nitroglycerin  and  sodium  nitroprusside,  have  been  ob- 
served to  rapidly  increase  platelet  cGMP  and  inhibit  plate- 
let aggregation,'*''  and  it  appears  that  INO  can  do  the  same. 

Adrie  et  aP"  used  a  canine  model  to  study  INO's  effect 
on  platelet-mediated  coronary  reocclusion.  The  study  in- 
volved 4  groups  of  6  dogs  with  coronary  artery  thrombosis 
with  superimposed  endothelial  damage.  One  control  group 
did  not  receive  INO.  The  other  3  groups  received,  respec- 
tively, 20  ppm,  80  ppm,  and  200  ppm  INO,  for  45  minutes. 
Coronary  flow  was  evaluated  for  cyclic  flow  variations. 
Cyclic  flow  variation  measurement  continued  for  an  addi- 
tional 45  min  after  INO  was  discontinued.  This  study's 
results  indicate  that  INO  alters  platelet  function  in  a  dose- 
dependent  manner.  In  the  group  that  received  20  ppm 
INO,  the  frequency  of  cyclic  flow  variations  decreased 
35%  during  INO,  compared  to  the  control  group.  In  the 
group  that  received  80  ppm  INO,  the  frequency  of  cyclic 
flow  variations  decreased  53%  during  INO,  and  this  group 
continued  to  display  a  positive  effect  at  45  minutes  after 
INO  was  discontinued.  Interestingly,  the  group  that  re- 
ceived 200  ppm  INO  did  not  show  a  change  in  the  fre- 
quency of  cyclic  flow  variations,  much  like  the  control 
group.  These  findings  suggest  that  INO  mediates  platelet 
effects  in  vivo.  Of  note,  neither  platelet  counts  nor  Hb 
concentrations  changed,  metHb  levels  remained  low,  and 
no  systemic  artery  pressure  changes  were  observed.  There- 
fore, it  appears  that  INO  alters  platelet  function  and  that 
this  has  an  antithrombotic  effect.  This  effect  proved  valu- 
able in  maintaining  coronary  artery  patency  in  this  animal 
model. 

When  platelets  adhere  to  dysfunctional  vascular  walls, 
they  release  prothrombotic  vasoactive  and  chemotaxic  sub- 
stances that  cause  further  adhesion  of  proteins  and  other 
cells,  giving  rise  to  a  thrombus.  Glycoproteins  (GP),  such 
as  GP  la  and  GP  lb,  are  involved  in  the  adhesion  process, 
in  addition  to  GP  Ilb/IIIa,  which  produce  both  adhesion 
and  aggregation  of  other  platelets."^'  GP  Ilb/IIIa  allows 
fibrinogen,  fibronectin  and  vonWillebrand  factor  to  aggre- 
gate platelets,  or  permits  adherence  to  the  vascular  wall 
through  vonWillebrand  factor  or  fibronectin.  NO  attenu- 
ates this  process  by  interfering  with  platelet  aggregation 
and  cell  adherence  to  dysfunctional  endothelium.  It  is  be- 
lieved that  NO  regulates  the  expression  of  P-selectin  in 
platelets.'^2  -phe  NO-activated  cGMP  in  platelets  then  re- 
duces free  intracytosolic  calcium,  which  is  necessary  for 
platelet  aggregation. 

NO  donors  have  been  shown  to  reduce  platelet  aggre- 
gation,-*''-'*' to  disperse  preformed  platelet  clumps,  and  to 
reduce  platelet  adhesion  to  injured  vascular  endothelium.'*' 
It  is  unknown  whether  these  effects  would  be  seen  in 
dysfunctional  endothelium  of  SCD  patients,  but  the  pos- 
sibility is  intriguing. 
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White  Blood  Cells 

In  recent  years  it  has  been  shown  that  WBCs  also  play 
an  important  role  in  thrombosis.  Neumann  et  al  found  that 
platelets  interacting  with  circulating  WBCs  allowed  ad- 
herence to  a  plastic  wall."*^  This  induced  WBCs  to  release 
various  cytokines,  such  as  interleukin- 1 /3  or  interleukin-8. 
However,  blocking  platelet  P-selectin  can  inhibit  this  ef- 
fect. Recall  that  NO  inhibits  platelet  P-selectin  and  there- 
fore inhibits  cell  aggregation  and  thrombosis. 

Neutrophils  can  also  generate  NO  constitutively.-'*^  Neu- 
trophils in  the  presence  of  ASA  can  increase  their  gener- 
ation of  NO  (and  thus  contribute  to  local  vasodilation  and 
increase  cGMP  in  vascular  smooth  muscle  cells  and  plate- 
lets). This  suggests  that  the  NO/cGMP  system  may  be 
responsible,  in  part,  for  the  platelet  anti-aggregatory  prop- 
erties of  neutrophils  in  the  presence  of  ASA.  NO  also 
appears  to  regulate  monocyte-endothelial  cell  interactions. 
Bath53  found  that  NO  inhibits  monocyte  adhesion  to  por- 
cine aortic  endothelial  cells  in  culture  media,  indirectly 
suggesting  that  NO  acts  as  an  endogenous  modulator  of 
monocyte  function.  However,  there  are  no  in  vivo  studies 
as  yet  on  this  subject. 

Summary 

INO  has  important  blood  component  effects  beyond  se- 
lective vasodilation  in  the  pulmonary  vasculature.  As  we 
learn  more  about  these  nonpulmonary  NO  effects,  novel 
therapies  involving  the  blood  and  systemic  vascular  endo- 
thelium are  becoming  possible.  The  recognition  of  INO's 
systemic  effects  also  raises  the  question  of  what  parame- 
ters we  should  be  monitoring  to  determine  the  therapeutic 
effects  of  INO.  The  reduction  in  pulmonary  artery  pressure 
and  the  improvement  in  oxygenation  that  are  often  seen 
with  INO  therapy  may  not  totally  reflect  the  possible  ther- 
apeutic (or  toxic)  potential  of  INO.  We  have  much  to  learn 
about  INO  therapy! 
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Discussion 

Stewart:  That  was  excellent.  I  was 
particularly  interested  in  the  effects  of 
NO  on  HbS.  You  showed  us  a  patient 
who  was  stable,  out  of  crisis.  What 
about  a  patient  in  crisis?  Can  NO  bind 
to  cells  that  have  already  sickled?  Does 
it  have  any  effect  on  unsickling  sick- 
led  cells? 

Head:  Well,  I  can  show  you  a  slide 
of  all  the  things  we  need  to  figure  out. 
Thanks  to  INO  Therapeutics  (former- 
ly Ohmeda),  we  are  conducting  a  pro- 
spective, randomized,  double  blind 
study  of  patients  in  crisis  who  will  be 


receiving  INO  or  a  placebo.  They'll 
breathe  air  or  they'll  breathe  air  plus 
NO  at  80  ppm.  I  hope  that  in  the  next 
year  I  can  answer  that  question  about 
crisis.  Another  in  vitro  study  we're 
going  to  do  is  to  try  to  sickle  RBCs. 
They'll  separate  out  and  then  we'll  try 
NO  to  see  if  the  cells  that  are  already 
sickled  will  reverse.  One  of  the  things 
I'm  trying  to  do  is  to  set  up  the  ability 
to  look  at  how  much  NO  is  in  the 
RBC.  I've  talked  with  a  company,  and 
we  may  have  a  method  that  will  allow 
us  to  do  that,  because  I  want  to  know 
how  much  NO  it  takes  to  load  the 
RBC  to  have  a  therapeutic  effect.  Ide- 
ally, you  could  take  a  blood  sample 


from  a  sickle  cell  patient  and  get  some 
kind  of  idea  about  how  much  they  need 
to  breathe  (say  80  ppm  for  a  half  hour 
or  1(X)  ppm  for  10  minutes,  or  10  ppm 
for  overnight)  and  come  up  with  a  load- 
ing dose  for  Hb,  I'm  kind  of  basing 
my  thoughts  on  this  process  of  load- 
ing Hb.  It  made  me  think  about  the  80 
ppm  when  we  talked  about  this  ear- 
lier. If  you  keep  INO  going  for  a  longer 
time  period,  then  sometimes  in  some 
patients  you  begin  to  see  an  NO  ef- 
fect, not  in  5  minutes,  but  a  half  hour 
or  2  hours  later.  Is  there  a  loading 
effect  going  on  there,  or  do  you  need 
to  have  enough  NO  available  to  the 
system?  Certainly,  some  patients  re- 
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spond  very  quickly.  But  other  patients 
don't.  I'm  really  trying  to  go  for  NO 
dosing  on  blood  components.  I'm  try- 
ing to  pass  by  all  the  pulmonary  vas- 
culature, not  that  it  wouldn't  have  pos- 
itive effects,  and  I  know  that's 
beneficial  to  increase  flow,  but  really 
my  end  product  is  the  RBCs  and  plate- 
lets and  white  cells.  The  other  fact  is 
that  it  doesn't  seem  to  be  an  on/off 
effect.  It's  staying  around.  Hb  appears 
to  be  carrying  NO,  which  has  been 
talked  about  many  times,  and  that  is 
beginning  to  make  sense  to  me.  Where 
NO  is  binding  on  the  RBC  is  also  im- 
portant. If  you  bind  the  pCys-93,  that 
will  inhibit  polymerization  of  Hb. 
However,  I'm  thinking  that,  because 
of  NO' s  tremendous  affinity  for  heme, 
that's  where  it  may  be  having  its  ef- 
fects for  sickle  Hb.  But  it  could  be  at 
the  /3Cys-93  site;  I  can't  say  for  sure. 
Either  way,  it  would  inhibit  polymer- 
ization of  the  sickle  Hb. 

Hurford:  Al,  two  questions.  First, 
do  you  know  how  long  this  effect  lasts? 

Head:  We're  trying  to  sort  that  out. 
In  fact  we're  going  to  be  bringing  pa- 
tients back  and  looking  at  different 
doses  and  different  timings.  We  need 
to  know  the  half-life  of  NO  on  the 
RBC.  We  brought  back  2  patients  and 
looked  at  them  at  1  hour  out,  and  the 
NO  modification  was  still  effective. 
Three  hours  later  we  didn't  see  a 
change,  so  it  was  back  to  baseline.  My 


guess  is  1  —3  hours:  in  that  time  frame. 
But,  I  don't  know  for  sure.  That's  one 
thing  that's  going  to  be  crucial  for 
therapy. 

Hurford:  Are  other  nitrate  donors 
equally  effective? 

Head:  None  have  been  studied  that 
I'm  aware  of  We  thought  about  this 
as  well,  and  I  think  that's  going  to  be 
important.  INO  is  what  we  do  best,  so 
it  was  an  easy  thing  to  do  first.  But 
these  patients  often  get  micro-emboli 
to  the  lung,  and  you  may  not  want  to 
give  a  systemic  donor,  for  the  same 
reasons  of  shunt,  etc.  NO  donors  have 
probably  been  given  to  these  patients 
for  other  therapeutic  uses,  particularly 
since  they  can  have  coronary  artery 
disease,  and  they  may  have  been  hav- 
ing a  blood  cell  effect  that  they  didn't 
realize. 

Pearl:  Along  those  lines,  I've  been 
trying  to  figure  out  the  calculation  that 
I  hope  you've  done.  We  know  NO 
uptake  by  inhalation  in  terms  of  moles 
of  NO  that  are  taken  up.  We  can  com- 
pare that  to  nitroprusside,  which  we 
know  completely  breaks  down,  giving 
us  NO.  I  don't  think  we  can  remotely 
give  NO  systemically  and  load  RBCs 
similar  to  INO.  Have  you  tried  calcu- 
lating that? 

Head:  No,  I  haven't.  That's  a  very 
good  question.  We  certainly  thought 


about  it,  but  I  haven't  gone  through 
all  the  scenarios.  In  fact,  I  did  make  a 
calculation,  because  it  was  actually  a 
hard  sell  to  get  into  JCI  (the  Journal 
of  Clinical  Investigation)  with  this 
kind  of  theory.  We  gave  45  minutes 
of  INO  at  80  ppm,  we  knew  what  the 
Hb  concentration  was,  and  we  calcu- 
lated how  much  NO  would  hit  the  Hb. 
Hb  has  4  potential  sites  where  NO  can 
bind,  if  we're  just  thinking  of  the  heme 
structure.  So,  we've  given  80  ppm  for 
45  minutes.  Even  if  everything  hit  the 
RBC,  we  probably  only  affected  be- 
tween 10%  and  15%  of  the  potential 
sites  available  on  the  Hb.  What  we 
think  is  that  the  RBC  can  probably 
tolerate  a  small  amount  of  Hb  poly- 
mer, but  when  it  gets  to  a  critical 
length,  the  RBCs  shape  distorts.  So 
what  it  might  be  doing  is  either  break- 
ing up  the  polymer  or  inhibiting  fur- 
ther polymerization.  The  NO  concen- 
trations are  still  very,  very  low,  and,  if 
you  calculate  it,  we  were  nowhere  near 
having  problems  with  NO  saturation. 
That's  probably  why  we  didn't  see 
much  metHb. 

Hurford:  In  preparation  for  Dr 
Gerlach'  s  lecture,  have  you  considered 
using  exhaled  NO  levels  to  monitor 
the  loading  and  the  duration  of  load- 
ing of  NO? 

Head:  That's  our  Dean  Hess  study 
that  we're  setting  up  to  do.  So  Dean 
has  been  looking  at  expired  NO.  That's 
on  our  board.  That' s  coming  very  soon. 
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Introduction 

Since  1987  we  have  witnessed  a  veritable  explosion  of 
interest  in  nitric  oxide  (NO),  a  highly  reactive  and  unstable 
molecule  with  metabolic  pathways  first  identified  in  vas- 
cular endothelium  and  activated  macrophages,  and  later  in 
other  cells.  The  enzyme  group  nitric  oxide  synthase  (NOS) 
is  responsible  for  the  production  of  NO  and  L-citrulline, 
inducing  the  synthesis  of  NO  from  the  terminal  guanidino 
nitrogen  atom  of  L-arginine  (though  not  D-arginine).  There 
are  several  forms  of  NOS,  and  these  forms  are  distin- 
guished by  their  mode  of  NO  release.  NO  decomposes  into 
other  nitrogen  oxides,  such  as  nitrite  (NOj^),  nitrate 
(NOj"),  and  peroxynitrite  (0N00~)  (a  potent  oxidizing 
agent). 

NO  has  an  unpaired  electron  and  is  therefore  a  radical. 
Although  not  as  unstable  as  many  other  radicals,  NO  does 
react  readily  with  oxygen,  and  has  a  very  short  half-life. 
NO  is  mainly  measured  by  indirect  techniques,  with  the 
exception  of  in-line  chemiluminescence.  Since  NO  causes 
the  biological  activity  of  endothelium-derived  relaxing  fac- 
tor (EDRF)  and  also  inhibits  platelet  aggregation,  both 
vascular  tissue  and  platelets  can  be  used  as  indicators  of 
NO  production  by  other  cells.  Hemoglobin  and  other  heme 
proteins  (which  absorb  NO  to  form  paramagnetic  detect- 
able nitroso-heme  products)  and  superoxide  dismutase 
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(which  prolongs  NO  action  by  preventing  its  breakdown  to 
other  nitrogen  oxides)  are  then  used  to  modulate  pharma- 
cological effects.  Another  indirect  method  of  measurement 
is  the  spectrophotometric  determination  of  nitrite  and  ni- 
trate (two  nitrogen  oxides  rapidly  formed  during  NO  ox- 
idation). There  is  now  considerable  evidence  that  the  ef- 
fects of  NO  in  some  physiologic  processes  are  mediated 
through  the  activation  of  guanylate  cyclase,  resulting  in  an 
increased  level  of  cyclic  guanylate  monophosphate  (cGMP) 
in  the  target  cell.  Therefore,  cGMP  accumulation  in  cul- 
tured cells  is  frequently  used  as  a  model  to  study  the 
ability  of  cells  to  produce  NO.  As  well,  a  class  of  L- 
arginine  analogues  is  known  to  inhibit  NO  syntha.se  in 
either  a  competitive  or  irreversible  way,  and  are  therefore 
useful  for  exploring  the  role  of  L-arginine-dependent  NO 
production.  Recent  observations  suggest  that  this  meta- 
bolic pathway  is  present  in  different  pulmonary  cell  types, 
and  that  it  might  play  a  role  in  various  regulatory  mech- 
anisms in  airway  and  lung  tissue. 

NO  is  poorly  soluble  in  water,  so  when  NO  is  injected 
into  a  physiologic  buffer,  more  than  80%  immediately 
appears  in  the  head  space.  The  formation  of  NOj  from  the 
reaction  of  NO  and  Ot  depends  on  the  concentrations  of 
the  NO  and  Oj.  NO  gas  is  fairly  stable  at  low  concentra- 
tions in  room  air  (21%  Oj).  The  small  size  (molecular 
weight  30  D)  and  high  lipid  solubility  of  NO  make  it 
readily  membrane-permeable.  Once  within  the  cell  it  can 
bind  to  transition  metals  such  as  Fe  and  Cu  in  enzymes.  In 
blood,  NO  rapidly  binds  to  albumin  and  hemoglobin. 

In  the  lungs  and  the  upper  airways,  air-filled  spaces 
coexist  with  highly  perfused  tissues.  The  alveolar  surface 
acts  as  a  surface  of  exchange  of  molecules  such  as  O2  and 
CO2,  depending  on  their  solubility  in  hydrophilic  and  li- 
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Fig.  1.  Effect  of  alternating  respiration  modes  witii  a  face  mask  on  the  total  ENO  rate  (nL/min),  which  is  calculated  by  multiplying  the 
measured  flow  (mlVmln)  and  the  NO  concentration  (ppb).  The  total  NO  rate  (y-axis)  was  measured  in  6  healthy,  nonsmoker  volunteers.  The 
different  respiration  modes  are  indicated  along  the  x-axis.  The  right  bar  indicates  data  taken  during  aspiration  with  a  nose  mask.  Note  that 
excluding  the  nasal  cavity  from  expiration  markedly  reduces  the  total  ENO  rate,  indicating  that  the  nose  is  the  main  source  of  ENO. 


pophilic  phases  and  on  their  ability  to  bind  to  plasmatic  or 
cellular  components  (eg,  hemoglobin).  Exogenous  NO,  in- 
haled for  treatment  of  acute  respiratory  distress  syndrome 
(ARDS)  or  pulmonary  hypertension,  causes  vasodilation 
of  the  pulmonary  vasculature,  and  then  binds  to  hemoglo- 
bin. Part  of  the  endogenous  NO  synthesized  in  cells  of  the 
upper  and  lower  airways  is  released  in  the  gas  phase  and 
then  exhaled,  similar  to  COj.  In  recent  years,  scientific  and 
clinical  interest  has  focused  on  the  identification  and  eval- 
uation of  exhaled  NO  (ENO)  as  a  mediator  and  marker  for 
several  diseases.  Herein,  basic  research  findings,  technical 
problems,  and  several  contradictory  results  are  discussed 
concerning  the  measurement  and  interpretation  of  ENO. 

Endogenous  Nitric  Oxide  in  Expired  Gas: 
First  Traces 

Endothelium-derived  relaxing  factor  was  first  described 
in  1980  by  Furchgott  and  Zawadzki'  as  a  soluble  factor 
synthesized  from  intact  endothelial  cells,  and  which  in- 
duced vascular  relaxation.  NO  was  later  identified  as 
the  active  component  of  endothelium-derived  relaxing 
factor,2-3  that  led  to  a  great  deal  of  research  on  the  phys- 
iologic role  of  NO. 

In  1 99 1 ,  Gustafsson  et  al  demonstrated  that  NO  is  present 
in  the  exhaled  air  of  humans  and  tracheostomized  exper- 
imental animals.''  They  argued  that  this  NO  is  probably 
synthesized  by  endothelial  cells  in  the  pulmonary  alveolar 
capillaries,  and  that  because  the  ENO  is  primarily  pro- 
duced in  the  lower  airways,  it  might  be  a  marker  of  pul- 
monary inflammation.  In  1993,  Alving  et  al  measured  NO 
in  the  exhaled  air  of  adult  asthmatics  and  found  that,  in- 


deed, these  patients  (who  had  not  been  treated  with  ste- 
roids) did  have  higher  ENO  levels  than  healthy  volun- 
teers.-'' In  the  same  study,  however,  Alving  et  al 
hypothesized  that  the  upper  airways  might  also  be  a  source 
of  ENO. 

Simultaneously  with  Alving  et  al,  our  group  studied 
ENO  in  patients  and  volunteers.  Using  a  face  mask  and 
alternating  respiration  modes,  we  found  that  the  nose  is  the 
main  source  of  ENO  (Fig.  1),  and,  in  comparing  inspira- 
tion and  expiration  measurements,  concluded  that  NO  from 
the  nose  is  inhaled  and  absorbed  in  the  lung  (autoinhala- 
tion).*'  Further  support  of  the  theory  of  autoinhalation  came 
from  ENO  measurements  on  intubated  patients;  during 
intubation,  ENO  measurements  from  the  expiratory  limb 
of  the  ventilator  were  extremely  low,  whereas  air  samples 
taken  from  the  airways  above  the  larynx  showed  higher 
NO  concentrations.  This  indicated  that  during  intubation 
nasal  NO  cannot  reach  the  lung,  and  instead  accumulates 
in  the  nasal  and  oral  space.^  The  recognition  that  tracheal 
intubation  prevents  endogenous  nasal  NO  from  reaching 
the  alveoli  supported  the  concept  of  adding  NO  to  the 
ventilator  inspiratory  stream  in  intubated  patients  and  in 
the  treatment  of  acute  respiratory  distress  syndrome 
(ARDS)  and  pulmonary  hypertension,  as  replacement  for 
the  endogenous  (nasal)  NO  not  reaching  the  lung  because 
of  the  intubation. 

These  early  studies  that  identified  the  upper  airways  as 
the  main  source  of  ENO  were  confirmed  by  Schedin  et  al 
in  1995.''  However,  it  was  not  clear  how  to  distinguish  the 
various  airways'  ability  to  produce  NO.  So,  interest  fo- 
cused on  the  description  of  cellular  mechanisms  involved 
in  NO  synthesis  in  the  upper  airways.  Kobzik  et  al  first 
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described  immunocytoctiemical  and  histochemical  meth- 
ods to  identify  the  expression  of  the  inducible  isoform  of 
NO  synthase  (iNOS)  in  the  epithehum  of  the  lower  air- 
ways.** They  found  that  bacterial  lipopolysaccharides  in- 
creased iNOS  activity,  which  was  interpreted  as  evidence 
that  NO  has  an  important  role  in  host  defense  against 
lower  airways  infections.**  In  1995,  Lundberg  et  al  found 
Ca^"^ -independent  and  Ca'^ -dependent  NOS  activity  (as 
measured  by  citrulline  formation)  in  human  maxillary  si- 
nus mucosa,  and  measured  NO  concentrations  after  direct 
puncture  of  the  maxillary  sinus.  These  findings  confirmed 
the  hypothesis  that  the  paranasal  sinuses  are  the  main  source 
of  endogenously-produced  gas-phase  NO  in  exhaled  air.' 

END  in  Humans  and  Other  Species:  Is  There  Any 
Physiologic  Relevance? 

Though  the  source  of  endogenous  ENO  and  the  fact  of 
autoinhalation  had  been  demonstrated,  the  physiological 
relevance  of  this  phenomenon  was  unclear.  It  was  sug- 
gested that  the  defense  mechanism  of  the  upper  airway 
system  is  partly  mediated  by  local  production  of  NO.  In 
1994,  Lundberg  et  al  found  that  patients  with  Kartagener's 
syndrome  (a  clinical  triad  of  bronchiectasis,  chronic  sinus- 
itis, and  situs  inversus),  who  were  suffering  from  repeated 
infections  in  the  upper  and  lower  airways,  had  very  low 
concentrations  of  NO  in  the  nasal  cavity.'"  Using  an  indi- 
rect staining  technique  for  nicotinamide  adenosine  dinu- 
cleotide  phosphate-diaphorase  to  demonstrate  NO  synthe- 
sis in  tissue,  Kim  et  al  found  in  rat  maxillary  mucosa  that 
nicotinamide  adenosine  dinucleotide  phosphate-diapho- 
rase-positive  nerve  fibers  were  observed  around  blood  ves- 
sels, submucosal  glands,  and  in  ganglions."  The  positive 
reactions  for  nicotinamide  adenosine  dinucleotide  phos- 
phate-diaphorase were  predominantly  observed  in  the  an- 
terior portion  of  the  nasal  septum  and  in  the  inferior  tur- 
binate, which  undergo  frequent  external  stimuli.  These 
results  suggest  that  NO  might  be  related  to  regulation  of 
blood  flow,  glandular  secretion,  and  neurotransmission, 
and  might  play  an  important  role  in  nasal  physiology  and 
protection  of  the  upper  airway  system."  These  findings 
parallel  research  by  Pendino  et  al,  who  found  that  patho- 
physiological irritation  of  the  airways  increases  NOS  ex- 
pression.'- Similarly,  Martin  et  al  found  elevated  ENO  in 
patients  with  seasonal  rhinitis,'''  and  Croen  found  that  NO 
has  a  considerable  direct  antiviral  effect.'''  These  studies 
suggest  that  autoinhaled  NO  is  involved  in  local  host  de- 
fense against  bacterial  and  viral  infection. 

Autoinhaled  NO  might  also  be  involved  in  regulation  of 
pulmonary  vascular  tone.  Von  Euler  and  Liljestrand  first 
described  hypoxic  pulmonary  vasoconstricfion  in  1947  as 
a  regulatory  mechanism  that  decreases  intrapulmonary 
right-to-left  shunt  (ie,  hypoxemia)  during  episodes  of  ven- 
tilation-perfusion  mismatch.'''  This  led  to  research  on  the 
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Fig.  2.  Arterial  oxygen  tension  (PgOs)  (y-axis)  in  6  long-term  venti- 
lated patients.  Air  was  aspirated  (2  LVmin)  in  30-minute  periods 
from  either  ambient  air  or  the  patients'  nostrils.  The  aspirated  air 
was  added  to  the  inspiratory  flow  of  the  ventilator  and  P30  was 
measured  at  the  end  of  the  treatment  period.  The  asterisk  (*)  in- 
dicates a  significance  of  p  <  0.05  compared  to  the  first  period  of 
ambient  air  sampling.  (Figure  adapted  from  data  published  in  Ref- 
erence 19.) 


cellular-level  etiology  of  hypoxic  pulmonary  vasoconstric- 
tion (HPV).  When  Rossaint  et  al  demonstrated  that  the 
inhalation  of  exogenous  NO  induces  a  selective  pulmo- 
nary vasodilation  in  patients  with  severe  ARDS,'*  the  the- 
ory arose  that  endogenous  NO  might  partly  regulate  pul- 
monary resistance,  since  hypoxemia  (typically  seen  in 
ARDS)  downregulates  endogenous  NO  synthesis.'^  This 
downregulation  of  endogenous  NO  was  interpreted  as  a 
possible  mechanism  for  HPV.  In  addition,  low  doses  of 
NO,  which  are  similar  to  environmental  or  nasal  concen- 
trations, improve  systemic  oxygenation."*  In  1996  Lund- 
berg et  al  found  that  redirecting  nasal  gas  into  the  inspira- 
tory limb  of  the  ventilator  of  patients  on  long-term 
ventilation  increases  arterial  oxygen  tension  (Pao,)  (Fig. 
2).'**  However,  our  own  studies  did  not  find  a  significant 
change  in  P^q,  (in  healthy  probands)  when  nasal  gas  was 
drawn  off  during  inspiration  [unpublished  data]. 

Several  animal  studies  have  been  performed  to  further 
evaluate  the  physiologic  relevance  of  endogenous  NO.  El- 
ephants, for  example,  have  similar  concentrations  of  ENO 
to  that  found  in  humans,-"  and  comparable  results  were 
found  in  most  of  the  mammals  tested  so  far.-'  A  common 
characteristic  of  these  animals  is  the  presence  of  paranasal 
sinuses  with  mucosa  that  are  connected  to  the  upper  air- 
ways. In  the  absence  of  sinuses,  however,  as  in  some 
species  such  as  baboons--  or  Weddell  seals, ^^  ENO  con- 
centrations are  much  lower,  which  again  indicates  that 
ENO  comes  primarily  from  the  paranasal  sinuses.  But,  of 
course,  these  species  have  normal  oxygenation,  which  sug- 
gests that  nasal  NO,  at  least  in  healthy  subjects,  does  not 
have  a  regulatory  impact  on  the  pulmonary  vascular  tone. 
Thus,  the  function  of  NO  from  the  paranasal  sinuses  con- 
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tinues  to  be  obscure,  as  does  the  enigmatic  role  of  the 
paranasal  sinuses.  Further  studies  are  needed. 

Techniques  of  Measuring  ENO:  Tips, 
Tricks,  and  Traps 

Several  techniques  have  been  used  for  measuring  NO, 
including  mass  spectrometry*  and  gas  chromatography- 
mass  spectrometry,--*  but  these  are  very  time-consuming 
methods,  with  limited  availability  of  in-line  measurement. 
Another  approach  is  the  use  of  electrochemical  electrodes 
based  on  porphyrinic-coated  microsensors.  These  elec- 
trodes were  primarily  developed  to  measure  NO  release 
directly  in  tissues-''  or  single  cells.-''  Vallance  et  al  im- 
planted electrodes  transcutaneously  for  measuring  NO  re- 
lease in  the  blood  of  healthy  volunteers.-''  Electrochemical 
sensors  can  also  be  used  for  gas-phase  samples,  for  exam- 
ple, to  monitor  INO  concentrations.  In  controlled  studies 
to  evaluate  NO  monitoring  methods,  the  bias  and  precision 
of  electrochemical  analyzers  was  shown  to  be  acceptable 
for  clinical  use.  The  devices  tend  to  be  most  accurate  at 
NO  concentrations  between  2  and  20  ppm,  which  is  the 
concentration  range  at  which  NO  is  most  commonly  ad- 
ministered.28  A  newer  method  for  investigation  of  NO  and 
NO-dependent  mechanisms  is  the  electroparamagnetic  res- 
onance spectroscopy,  also  called  electron  spin  resonance 
spin-trapping  technique,-'^  but  this  technique  can  only  be 
used  for  liquid  phase  samples. 

The  most  widely  used  method  to  assay  NO  in  exhaled 
air  is  chemiluminescence,  which  was  previously  used  to 
measure  nitrogen  oxides  as  environmental  air  contamina- 
tion, and  that  was  first  applied  to  biological  NO  measure- 
ment by  Pai  et  al.^"  This  technique  is  based  on  the  prin- 
ciple that  NO  reacts  with  ozone  to  produce  NO2  with  an 
electron  in  an  excited  state.  When  the  excited-state  NOj 
reverts  to  the  ground  state  it  emits  electromagnetic  radia- 
tion in  the  600-3000  nm  wavelength  range.  This  chemi- 
luminescence is  detected  by  a  photomultiplier  tube  that 
proportionally  converts  the  intensity  of  luminescence  into 
an  electrical  signal.""  This  technique  is  extremely  sensi- 
tive, and  NO  can  be  detected  down  to  concentrations  of 
approximately  1  part  per  billion  (ppb)  with  no  interference 
from  other  nitrogen  oxides.  In  addition  to  its  high  sensi- 
tivity, this  method  offers  the  advantage  that  the  NO  is 
measured  quickly  and  the  sample  evacuated  from  the  mea- 
surement cell  quickly,  obviating  the  periodic  manipula- 
tions and  disturbances  of  the  reaction  mixture  necessary 
with  gas  chromatographic  techniques.  We  use  a  fast  re- 
sponse (30  millisecond)  in-line  chemiluminescence  ana- 
lyzer with  a  sensitivity  of  5  parts  per  trillion  (ppt)  that 
allows  continuous  inhalation  and  exhalation  NO  measure- 
ment, similar  to  standard  capnography. 

ENO  can  be  measured  in  several  respiration  modes, 
each  of  which  has  pitfalls  the  investigator  must  avoid  or 


address.  One  method  is  to  take  a  mixed  gas  sample  from 
expirations  over  a  definite  time  period,  which  can  then  be 
measured  for  a  mean  NO  concentration.  This  method  avoids 
potential  mismeasurement  due  to  variations  in  tidal  vol- 
ume, and  it  can  be  applied  in  studies  with  conscious  vol- 
unteers to  study  effects  of  drugs  or  alternating  conditions 
(eg,  hypoxia),  and  the  analysis  can  be  made  with  less- 
expensive  gas  chromatographic  techniques.  However,  this 
technique  does  not  allow  in-line  measurement,  which  to- 
day should  be  considered  the  standard  because,  since  NO 
is  highly  reactive,  it  should  be  analyzed  immediately  at  the 
source.  Otherwise,  NO  breakdown  and  reaction  during  the 
time  between  sampling  and  analysis  compromise  the  ac- 
curacy of  the  measurement.  Conversely,  if  a  fast  response 
analyzer  is  available,  "single-breath"  studies  can  be  per- 
formed. The  patient  or  volunteer  breathes  into  a  circuit, 
and  the  sample  is  drawn  directly  into  the  analyzer,  usually 
via  a  T-piece  near  the  mask  or  mouthpiece.  Persson  et  al 
used  this  technique  for  several  studies  investigating  the 
impact  of  exercise'-  and  preexisting  pulmonary  diseases 
and  smoking  habits'-'  on  ENO  levels,  measuring  the  peak 
or  end-expiratory  ENO  concentration.  Nasal  ENO  can  also 
be  sampled  directly  from  the  airways,  either  by  a  "nose 
mask,"  by  a  single  blocked  tube  in  1  nostril  for  closed 
vellum  techniques  ("U  turn  technique"),  or  by  2  blocked 
tubes  in  both  nostrils  for  open  vellum  techniques.'-* 

In  intubated  patients,  obtaining  separate  samples  from 
the  upper  and  lower  airways  is  straightforward  because  the 
airways  are  separated.  Obtaining  separate  samples  from 
nonintubated  volunteers  is  difficult  but  possible,  using  the 
closed  vellum  technique  we  introduced  in  1994.''  With 
some  training  and  practice  it  is  possible  for  the  volunteer 
to  close  the  soft  palate  and  seal  off  the  nasal  airway  while 
expiring  into  the  sampling  device.  Closing  the  soft  palate 
is  achieved  by  breathing  against  a  slight  expiratory  resis- 
tance ("trumpet  player"  technique).  The  volunteer  should 
breathe  normally,  since  deep,  forced  inspirations  (of  the 
sort  used  for  breath  holding  protocols)  create  a  negative 
pressure  that  can  partially  open  the  vellum  and  allow  nasal 
gases  into  the  expiration.  The  inspiratory  gas  mixture  must 
have  the  lowest  available  NO  concentration  (we  suggest 
the  use  of  so-called  "artificial  air")  because  even  low  NO 
concentrations  in  the  inspiratory  gas  can  influence  the  ENO 
measurement.'"'  The  proband  should  breathe  with  vellum 
closed  for  at  least  60  seconds  before  sampling  for  pulmo- 
nary ENO,  so  as  to  clear  the  lower  airways  of  nasal  ENO. 

The  expiration  flow  must  be  measured  accurately  for 
calculation  of  pulmonary  ENO  production,  because  the 
ENO  calculation  partly  relies  on  the  expiration  flow:  ENO 
rate  (nL/sec)  =  ENO  concentration  (ppb)  X  expiratory 
flow  (mL/sec).  Increase  of  expiratory  or  sample  flow  re- 
sults in  a  dilution  of  ENO,  which  would  cause  an  inaccu- 
rately low  ENO  reading.  However,  we  believe  that  the 
pulmonary  ENO  production  is  not  influenced  by  the  flow 
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Fig.  3.  Effect  of  different  sample  flow  rates  (x-axis)  on  measured 
NO  concentration  (y-axis).  Samples  were  taken  from  10  healthy, 
nonsmoker  volunteers.  The  sequence  of  the  sample  flow  was  ran- 
domized for  every  proband.  Increasing  sample  flow  (1,  2,  3,  4,  5, 
and  6  L/min)  resulted  in  decreasing  NO  concentration;  however, 
the  total  NO  production  rate  (337,  331 ,  338,  341 ,  348,  and  354 
nLVmin,  respectively)  showed  no  change. 


rate  (see  Fig.  3)i7,.«.36-.i8  j^  (j^gj,-  1997  paper  reporting  a 
modified  closed  vellum  technique,  Silkoff  et  al  concluded 
that  pulmonary  NO  production  (5  influenced  by  flow  rate 
(higher  flow  equating  to  higher  pulmonary  ENO  produc- 
tion).'^ We  believe,  however,  that  they  miscalculated,  be- 
cause they  measured  the  flow  rate  at  the  end  of  the  circuit, 
after  the  NO  sample  was  taken.  If  their  original  expiratory 
flow  data  are  corrected  for  the  sample  flow  of  the  NO 
analyzer,  then  their  measurements  show  no  significant  dif- 
ference in  ENO  production  at  different  flow  rates. 

Cellular  Sources  and  Regulation  of  ENO 

It  is  widely  accepted  that  NO  is  generated  solely  by 
specific  NO  synthases  (NOS).  However,  Zweier  et  al  re- 
ported in  1995  that  NO  can  also  be  synthesized  in  isch- 
emic tissues  by  a  direct  reduction  of  nitrite  to  NO,  under 
those  acidotic  and  highly  reduced  conditions.-*"  This  NO 
formation  is  not  blocked  by  NOS  inhibitors,'^'^-*!-*^  and 
during  long  periods  of  ischemia  progressing  to  necrosis, 
this  mechanism  of  NO  formation  predominates.*"  This  en- 
zyme-independent formation  of  NO  probably  has  impor- 
tant implications  in  the  understanding  of  the  pathogenesis 
and  treatment  of  hypoxia-induced  tissue  injury.  Further- 
more, the  latter  report  found  that  the  transformation  of  NO 
to  NO,^  and  NO3"  is  not  necessarily  a  one-way  reaction; 
this  fact  limits  the  reliability  of  measuring  NO  via  deter- 
mination of  NO,"  and  NO3"  content. 

In  healthy  probands  and  nonhypoxic  patients,  NO  pro- 
duction is  primarily  enzyme-mediated.  Lundberg  et  al 
showed  that  the  local  application  of  NOS  inhibitors  to  the 
paranasal  sinuses  resulted  in  a  marked  decrease  in  NO 
production  and  exhalation.'^  Conversely,  application  of  L- 
arginine  (not  D-arginine)  neutralizes  the  effect  of  NOS 
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Fig.  4.  Representative  response  of  exhaled  NO  (left  y-axis,  solid 
line)  and  COj  (right  y-axis,  dotted  line)  at  several  time-points  (x- 
axis)  during  a  heart-lung  transplant  procedure  for  a  patient  with 
cystic  fibrosis.  Each  curve  represents  4  inspirations/expirations. 
The  curves  show:  low  ENO  levels  in  the  native  lungs  of  the  recip- 
ient; normal  ENO  levels  in  the  transplanted  lungs  before  reperfu- 
sion (exhaled  CO2  levels  are  low  because  of  cardiopulmonary  by- 
pass); diminished  ENO  levels  post  reperfusion;  partial  recovery  24 
hours  after  transplantation.  (From  Reference  48,  with  permission.) 


inhibitors,  by  stimulation  of  NO  formation."*-  Marczin  et  al 
found  that  in  ventilated,  anesthetized  patients  undergoing 
open-heart  surgery,  there  is  a  transient,  proportionate,  and 
dose-dependent  ENO  increase  after  administration  of  glyc- 
erol trinitrate  or  (to  a  les.ser  extent)  sodium  nitroprusside — 2 
nitrate  vasodilators  that  are  routinely  used  in  clinical  prac- 
tice."' They  suggested  that  the  measurement  of  ENO  might 
provide  a  means  to  investigate  nitrate  pharmacology  and 
tolerance. 

Although  it  is  accepted  that  intravenously-administered 
nitrovasodilators  and  stimulated  NOS  activity  increase 
ENO,  the  question  remains,  which  types  of  cells  are  re- 
sponsible for  synthesis  of  ENO?  The  pulmonary  vascular 
endothelium,  which  had  been  thought  to  be  the  source  of 
pulmonary  ENO,  is  now  believed  to  play  only  a  minor 
role.  Studies  by  Busch  et  al  revealed  that  systemic  infusion 
of  an  NOS  inhibitor  in  a  dose  sufficient  to  significantly 
affect  vascular  resistance  (as  evidenced  by  an  increase  in 
mean  blood  pressure)  does  not  have  any  detectable  effect 
on  ENO.  In  contrast,  inhalation  of  the  same  NOS  inhibitor 
at  a  dose  that  does  not  cause  any  hemodynamic  change 
decreases  ENO  by  more  than  40%  (p  <  0.01).  These  find- 
ings suggest  that  NO  produced  by  the  vascular  endothe- 
lium of  the  lung  does  not  contribute  to  ENO  in  healthy 
probands.-*-*  Studies  by  Pendino  et  al'-  and  Fujii  et  aH' 
showed  that  alveolar  macrophages  produce  NO,  and  that 
administration  of  a  pulmonary  irritant'-  or  infusion  of  bac- 
terial lipopolysaccharides  (to  mimic  septic  shock)"'''  both 
increase  expression  of  iNOS.  Thus,  macrophage  activation 
plays  a  critical  role  in  NO  production  in  the  lung,  but  is 
probably  not  responsible  for  mediating  hemodynamic  al- 
terations during  septic  shock. -*^ 
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Fig.  5.  Exhaled  NO  levels  (y-axis)  in  different  diagnostic  categories: 
healthy  volunteers  (controls)  (n  =  21),  stable  patients  (n  =  53), 
patients  with  acute  rejection  {n  =  8),  patients  w\tU  stable  bronchi- 
olitis obliterans  syndrome  (BOS)  (n  =  25),  and  patients  with  acute 
infection  {n  =  14).  The  mean  plus  standard  error  of  the  mean  (+ 
SEM)  values  are  indicated.  Note  the  significant  increase  (*,  p  < 
0.001)  of  ENO  in  patients  during  acute  rejection  compared  with  all 
other  groups.  (Figure  redrawn  and  reprinted  with  permission  from 
Reference  49.) 


Systemic  oxygenation  is  believed  to  be  an  important 
regulator  of  systemic  NO  formation  and  exhalation,  though 
some  of  the  published  data  are  contradictory.  Dweik  et  al 
showed  that  O2  regulates  NO  levels  through  effects  on 
NOS  enzyme  kinetics.'''  In  subjects  receiving  varying  lev- 
els of  inspired  oxygen,  NO  levels  were  clearly  dependent 
on  O2  concentration  in  the  hypoxic  range,  and  iNOS  ac- 
tivity in  vitro  changed  similarly.  In  contrast,  Tsujino  et  al 
found  that  ENO  is  not  affected  by  hypoxic  gas  inhala- 
tion,^** and  experiments  by  Busch  et  al  obtained  similar 
results.'*''  In  their  study  of  the  influence  of  exercise  on 
ENO,  Persson  et  al  found  that  NO  production  increased 
during  exercise  (50  to  100  W).-''^  Busch  et  al  found  that  the 
increased  ENO  during  exercise  is  only  detectable  in  the 
pulmonary  portion  of  the  exhalation,  and  not  in  the  nasal 
portion.  ^'^ 

ENO  during  Ischemia/Reperfusion  and  Inflammation 

Von  Euler  and  Liljestrand'''  hypothesized  that  pulmo- 
nary vasoconstriction  during  acute  hypoxia  is  caused  by 
decreased  NOS  activity  in  the  pulmonary  vasculature,  and 
Dweik  et  al  found  that  pulmonary  NOS  activity  and  NO 
exhalation  is  reduced  during  hypoxia. '^  It  has  also  been 
put  forth  that  chronic  hypoxia  and  ischemia-reperfusion 
situations  influence  pulmonary  NO  formation.  Using  an 
experimental  model,  Pike  et  al  found  that,  indeed,  chronic 
hypoxia  does  reduce  ENO.*''  Marczin  et  al  found  that  ENO 
levels  are  reduced  after  reperfusion  of  heart  and  lung  do- 
nor grafts  (Fig.  4),  and  concluded  that  during  the  periop- 
erative period  lung  allografts  produce  substantially  less 
NO,  and  this  might  correlate  with  the  clinical  behavior.*** 
Thus,  perioperative  monitoring  of  ENO  might  be  a  method 
for  assessing  donor  preservation  and  evaluating  strategies 


20 


f  10- 


10.0 


20  40  60 

TInw  (sees) 


20- 


I 

8 

■|io 


0-^ 


rlO.O 


•7.5      -5 

o 


1' 


/1^ 


i  I 
\1 


!^ 


,^-^     >^    /■/ 


^  A^  J^!,^Jr^/^Al 


^ 


-5.0 


a 

o 


2.5 


0.0 


20 


40 
Tim*  (acca) 


60 


80 


Fig.  6.  The  upper  panel  represents  a  combined  NO  concentration 
(left  y-axis,  solid  line)  and  capnograph  (right  y-axis,  dotted  line) 
curve  over  time  (x-axis)  from  a  patient  anesthetized  and  ventilated 
prior  to  coronary  artery  bypass  grafting.  The  small  positive  gradi- 
ent exhibited  by  the  CO2  plateau  suggests  that  this  patient  may 
have  a  minor  (sub-clinical)  degree  of  obstructive  pulmonary  dis- 
ease. The  lower  panel  shows  the  results  of  the  same  measure- 
ments 18  hours  later,  after  the  patient  had  developed  an  over- 
whelming acute  lung  injury.  Note  the  very  low  concentration  of 
NO,  which  is  typical  for  ARDS  patients.  (From  Reference  54,  with 
permission.) 


to  modulate  reperfusion  injury,  including  interventions 
aimed  at  restoring  endogenous  NO  production,  or  replen- 
ishment by  intravenous  NO  donors  or  INO.*^ 

In  addition  to  the  perioperative  acute  ischemia-reperfu- 
sion reaction  during  transplantations,  ENO  monitoring  can 
be  advisable  during  the  postoperative  clinical  course. 
Silkoff  et  al*^  found  that  acute  allograft  rejection  after 
human  lung  transplantation  induces  a  marked  increase  of 
ENO,  compared  with  other  complications  like  postopera- 
tive infection  (Fig.  5).  Interestingly,  they  also  found  that 
the  development  of  a  bronchiolitis  obliterans  syndrome  (a 
form  of  chronic  rejection  that  results  in  significant  late 
morbidity  and  mortality  after  lung  transplantation),  did  not 
lead  to  enhanced  formation  or  exhalation  of  pulmonary 
NO.  These  findings  are  evidence  of  the  utility  of  ENO 
measurement  in  the  early  detection  and  monitoring  of  im- 
munological complications  in  lung  transplantation,  in  as- 
sisting to  distinguish  between  acute  rejection  and  infec- 
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tion,  and  in  determining  the  role  of  ENO  in  assessing  the 
response  to  therapy.'*'^ 

Inflammatory  disorders  involve  increased  production  of 
various  proinflammatory  cytokines  that  are  known  to  in- 
duce expression  of  NOS.  Whereas  constitutive  NOS  is 
involved  in  the  regulation  of  nerve  transmission  and  vas- 
cular tone,  iNOS  is  found  in  activated  leukocytes  during 
inflammation.  Local  expression  of  NOS  has  been  observed 
in  several  diseases:  for  example,  inflammatory  arthritis 
leads  to  the  local  production  of  NO,  primarily  by  syno- 
viocytes, chondrocytes,  and  endothelial  cells  in  inflamma- 
tory joints  of  arthritides.'"  Patients  with  ulcerative  colitis, 
Crohn's  disease,  or  cystitis  show  up  to  100  times  more  NO 
in  colonic  gas  and  gas  incubated  in  the  urinary  bladder 
during  cystoscopy  than  do  healthy  subjects.^' 

Persson  et  al  found  that  ENO  obtained  during  single- 
breath  measurements  is  higher  in  asthmatic  patients.'^  Sim- 
ilar results  were  obtained  by  Alving  et  al  using  continuous 
NO  measurements  in  adults,'^  and  by  Dotsch  et  al  in  asth- 
matic children.''-  It  has  been  suggested  that  activated  mac- 
rophages or  neutrophils  are  involved  in  this  decrease  of 
ENO,  and  that  ENO  might  therefore  be  used  to  monitor 
bronchial  inflammation.  Elevated  ENO  does  not  occur  in 
all  diseases,  however.  In  children  with  cystic  fibrosis,  for 
instance,  nasal  ENO  is  low,  but  oral  ENO  is  normal,  sug- 
gesting that  chronic  epithelial  cell  damage  or  an  increased 
mucosal  barrier  decrease  ENO  in  the  upper  airways.  In 
recent  studies  we  found  similar  results  for  nasal  ENO  in 
patients  with  active  Wegener's  granulomatosis.'^'  Brett  et 
al  found  that  in  ARDS  patients,  ENO  concentrations  in  the 
lower  airways  are  below  normal  (Fig.  6).'''*  Thus,  ENO 
measurement  does  not  always  provide  evidence  of  an  in- 
fection process.  Further  studies  are  needed  to  evaluate  the 
utility  of  ENO  measurement  as  an  indicator  of  pulmonary 
inflammation. 

Summary 

NO  is  believed  to  exert  its  effects  in  a  paracrine  and/or 
autocrine  manner.  NO  is  a  free  radical  molecule  and  is, 
therefore,  short-lived  in  biological  fluids.  Gas  phase  NO  is 
more  stable,  and  is  measurable,  preferably  by  the  chemi- 
luminescence  technique,  which  offers  high  sensitivity  and 
specificity.  ENO  is  derived  primarily  from  the  upper  air- 
ways, mainly  from  the  paranasal  sinuses,  and  only  a  small 
percentage  of  ENO  derives  from  the  lower  respiratory  tract. 
Distinguishing  nasal  from  pulmonary  NO,  however,  re- 
quires a  standardized  protocol,  and  several  technical  pit- 
falls must  be  overcome  in  order  to  obtain  reproducible 
results.  The  nasal  fraction  of  ENO  is  autoinhaled  during 
normal  ventilation  and  partially  resorbed  in  the  lung.  Thus, 
intubated  patients  are  deprived  of  nasal  ENO  and  might 
benefit  from  administered  INO.  A  marked  reduction  of 
nasal  ENO  is  seen  in  conditions  involving  mucus-filled 
sinuses  (cystic  fibrosis,  Kartagener's  syndrome,  Wegen- 


er's granulomatosis).  Immunohistochemical  studies  indi- 
cate that  local  NO  formation  is  mediated  by  cellular  NO 
synthases. 

Autoinhaled  endogenous  NO  from  the  upper  airways 
may  be  involved  in  regulation  of  pulmonary  function,  en- 
hancing blood  flow  preferentially  in  well-ventilated  areas 
of  the  lung  and  improving  intrapulmonary  ventilation/per- 
fusion  ratio  and  systemic  oxygenation.  This  may  help  to 
explain  the  biological  role  of  the  hitherto  enigmatic  para- 
nasal sinuses,  but  animal  studies  indicate  that  nasal  ENO 
production  is  not  universal  in  mammals.  Pulmonary  ENO 
is  probably  not  synthesized  from  alveolar  endothelial  cells; 
instead  it  appears  that  pulmonary  ENO  derives  from  alve- 
olar epithelium  and/or  macrophages.  Activation  of  these 
cells  during  asthmatic  diseases  and  allograft  rejection  after 
lung  transplantation  both  increase  ENO,  whereas  certain 
other  inflammatory  events,  including  ARDS,  reduce  ENO. 
Still,  the  possible  role  of  ENO  as  an  indicator  of  specific 
diseases  of  the  upper  and  lower  airways  definitely  merits 
further  research. 
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Discussion 

Hess:  When  you  look  at  NO  pro- 
duction in  the  lung,  have  you  tried  to 
correct  that  for  the  amount  of  NO  that 
is  taken  up  by  the  blood  flowing 
through  the  lung?  For  example,  the 
group  from  the  University  of  Roches- 
ter' provided  some  theoretical  basis 
for  a  problem  with  looking  at  exhaled 
NO  as  an  indicator  of  NO  production 
in  the  lung.  A  possible  confounding 
factor  is  that  some  of  the  NO  that's 
produced  in  the  lung  may  be  taken  up 
by  the  blood  flowing  through  the  lung, 
so  maybe  the  ENO  calculation  needs 
to  be  corrected  for  the  diffusion  ca- 
pacity for  NO  in  the  lung. 

REFERENCE 

I .  Hyde  RW,  Geigel  EJ,  Olszowka  AJ,  Kras- 
ney  JA,  Forster  RE  2nd,  Utell  MJ,  Framp- 
ton  MW.  Determination  of  production  of 
nitric  oxide  by  lower  airways  of  humans- 
theory.  J  Appl  Physiol  1997;82(4);I290- 
1296. 

Geriacli:     No  we  didn't. 

Stewart:  I  agree  with  you.  Dean 
(Hess).  In  one  of  the  slides  I  showed 
this  morning  of  our  rat  model,  we  ac- 
tually were  measuring  the  rise  in  NO. 
Then  we  exsanguinated  the  rat,  and  it 
had  no  blood  flow  to  the  lungs.  It  mark- 
edly went  up  even  higher,  and  then 
we  did  a  couple  of  experiments  where 
we  just  took  a  drop  of  the  rat's  blood 
and  put  it  in  the  trachea.  We  could 
eliminate  exhaled  NO  completely.  So 
one  of  my  concerns  from  Tim  Evans's 
group's  paper'  dealing  with  the  pro- 
duction of  NO  in  ARDS  is  that  a  lot  of 
ARDS  patients  have  a  significant  pul- 


monary hemorrhage  component.  I 
don't  know  how  to  control  for  that.  In 
1994  or  1995,  after  we'd  done  that 
work  on  rats,  I  thought  we  would  be 
able  to  diagnose  lung  infiltrates  and 
tell  whether  it's  infection  or  blood  by 
looking  at  exhaled  NO.  But,  the  bron- 
choscope went  down  and  measured  ex- 
haled NO  in  a  variety  of  patients,  about 
10  patients.  Fortunately,  we  didn't 
have  a  significant  rise  in  the  whole 
group.  But,  in  a  few  patients,  there 
was  a  huge  amount  of  NO  there.  So, 
there  are  a  lot  of  factors.  When  it  acts 
as  a  scavenger  for  super  oxide  or  when 
there's  blood  present  there,  it's  hard 
to  interpret  that. 
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Gerlach:  I  totally  agree.  What  we 
found  is  that  there  are  physical  barri- 
ers for  the  NO  to  get  to  the  exhaled 
air.  The  one  is  what  you  just  men- 
tioned, bleeding  inside  the  lung,  and 
the  other  way,  of  course,  is  from  the 
nasal  cavities.  The  nasal  NO  is  influ- 
enced by  several  factors.  For  instance, 
we  added  xylometazoline,  which  is  a 
local  vasoconstrictor,  a  nasal  spray  you 
might  use  if  you  caught  a  cold.  We 
thought  that  since  this  is  a  vasocon- 
strictor, exhaled  NO  will  be  reduced 
because  the  perfusion  of  the  mucosa 
is  reduced.  But  what  happened  is,  it 
went  up,  probably  because  the  open- 
ing to  the  sinus  was  closed  and  there 
was  NO  accumulating  in  the  sinus. 


When  the  probands  get  the  spray,  the 
sinuses  are  opened  and  then  the  NO 
comes  out.  There  are  a  lot  of  factors 
to  consider.  So  be  very  careful  of  mak- 
ing any  conclusions  about  new  phys- 
iologic pathways. 

Hurford:  That  was  a  very  good  pre- 
sentation. Much  of  the  early  research 
was  flawed  because  it  failed  to  con- 
sider flow  rate,  minute  ventilation,  or 
the  contribution  of  nasal  NO  produc- 
tion, which  your  work  looked  at.  Re- 
garding changes  with  blood  flow,  there 
are  a  number  of  articles  describing  NO 
levels  during  cardiopulmonary  bypass. 
During  bypass  there's  no  pulmonary 
blood  flow,  and  they  report  very  high 
NO  levels.  Off  bypass,  the  blood  flow 
goes  through  the  lungs,  and  the  NO 
levels  decrease,  suggesting  that  it's 
much  more  of  a  blood  flow  effect  than 
a  change  in  the  status  of  lung  inflam- 
mation or  NO  production. 

Gerlach:  And  probably  the  origin 
of  the  inflammation  is  also  an  impor- 
tant point.  It's  just  speculation,  but  all 
the  models  using  macrophages  sup- 
pose a  simple  pathway  of  inflamma- 
tion by  stimulation  of  macrophages 
and  increase  of  NO  production.  But 
some  types  of  inflammation  that  are 
mostly  based  on  neutrophilic  reactions 
and  respiratory  burst  reactions,  might 
react  contrarily.  It  might  be  a  scav- 
enging effect,  I  actually  don't  know, 
but  this  is  just  one  way  to  interpret 
this.  These  fast  reactions  to  a  lung 
transplantation  are,  I  think,  very  im- 
pressive, because  it  can't  have  any- 
thing to  do  with  the  implanted  organ 
itself.  But  since  the  main  part  of  the 
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ENO  is  endogenous,  it  is  probably 
scavenging:  the  implanted  lung  must 
act  like  a  catcher  for  this  patient's  NO. 
How?  We  don't  know. 

Bigatello:  Could  we  also  look  at  the 
blood  flow  effect  the  other  way?  Let's 
say  that  there  is  a  lot  of  production  of 
NO  somewhere  else,  and  it  gets  car- 
ried to  the  lung,  and  somehow  it 
crosses.  What  we  call  lung  production 
may  be  reflecting  some  other  systemic 
production.  Does  that  make  any  sense? 

Gerlach:  Sure.  The  different  mod- 
els (for  instance,  for  sepsis)  already 
showed  that  probably  this  is  just  like  a 
way  out,  and  is  dependent  on  the  flow 
and  the  local  inflammation  of  the 
lungs. 

Bigatello:  So,  maybe  calling  it  "lung 
production"  is  not  the  most  accurate 
term.  It  confuses  me  a  little  bit. 

Gerlach:  Yes.  Maybe  you  noticed 
that  we  went  away  from  the  term  "pro- 
duction rate"  on  the  first  of  the  old 
slides,  and  then  we  went  over  to  "ex- 
piration rate."  You  are  totally  right. 
You  have  to  be  careful  to  call  this 
"pulmonary  production." 

Hess:  I  would  like  to  direct  a  ques- 
tion to  Tom  (Stewart).  When  you  did 
your  studies  with  sepsis  in  rats  and 
exhaled  NO,  did  you  think  the  NO 
was  coming  from  the  NO  production 
in  the  lung  due  to  sepsis  or  from  some- 
where else  and  being  delivered  to  the 
lung  and  exhaled? 

Stewart:  Well,  we  did  a  couple  of 
things.  One  is  that  the  rats  were  all 
sedated,  paralyzed,  and  vented  with  a 
constant  minute  ventilation.  They  were 
trached,  so  we  eliminated  the  upper 
airways,  essentially.  It's  not  possible 
to  give  absolutely  NO-free  air,  but  we 
did  the  best  we  could  by  scrubbing 
NO  from  the  inspired  gas.  The  only 
thing  we  could  say  was  that  it  cer- 
tainly came  below  the  level  of  the  tra- 
cheostomy site,  and  that  it  was  asso- 


ciated with  lots  of  lung  inflammation. 
If  you  put  that  together  with  Fujii's 
article'  that  you  pointed  out,  it  looks 
like  alveolar  macrophages  or  . .  . 
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Hess:  So  you  think  it's  coming  from 
the  lung,  not  that  it's  produced  some- 
where in  the  periphery  and  being  de- 
livered to  the  lung? 

Stewart:  Well,  we  exsanguinated 
our  rats,  so  there  was  certainly  no  blood 
flow  to  the  lungs  and  no  access  from 
the  periphery,  and  we  saw  a  marked 
rise  in  the  NO.  So  we  concluded  that 
it  must  be  coming  from  the  lungs. 

Bigatello:  I  would  like  to  caution 
about  the  effect  of  exsanguinating. 
This  is  not  from  my  personal  experi- 
ence, but  some  of  our  colleagues  are 
working  on  these  same  models  of  NO 
uptake  in  the  lab.  Apparently,  if  you 
have  a  little  bit  of  blood  left  in  the 
lungs,  NO  is  going  to  go  there.  So  you 
really  have  to  perfuse  the  lungs  and 
wash  off  any  possible  hemoglobin  still 
left  there.  Hemoglobin  is  a  true  sink 
for  NO,  so  you  have  to  have,  for  ex- 
ample, a  model  of  isolated  saline-per- 
fused lung. 

Stewart:  The  other  thing  is  you 
might  guess  that  the  ischemia  result- 
ing from  exsanguination  generates 
NO.  We  tried  to  deal  with  that  by  mak- 
ing some  rats  hypotensive,  thus  likely 
ischemic,  and  not  lipopolysaccharide- 
challenged,  and  we  found  that  there 
was  no  rise  in  exhaled  NO. 

Hess:  Let  me  ask  you  another  ques- 
tion. Do  you  see  a  role  for  ENO  mea- 
surements in  clinical  medicine?  For 
example,  I've  looked  at  the  ENO  and 
asthma,  and  that's  interesting,  but  I 
think  about  a  peak  flow  meter  to  mon- 


itor asthma  that  costs  $35,  and  in  your 
case  a  quarter-of-a-million  dollar 
chemiluminescence  analyzer  to  look 
at  that.  Do  you  think  there  will  be 
some  place  in  clinical  medicine  out- 
side of  investigative  kinds  of  things 
where  ENO  measurements  might  af- 
fect what  we  do? 

Gerlach:  I  think  it's  too  early  to 
foresee  the  clinical  consequences.  The 
impressive  data  from  Silkoff '  showed 
that  acute  rejection  might  be  a  unique 
entity  for  post-lung  transplantations. 
This  sounds  very  interesting  and,  of 
course,  you  need  some  controlled  stud- 
ies about  that,  but  usually,  like  in 
asthma,  as  you  said,  it's  not  worth  it 
because  you  can  do  it  much  cheaper. 
There  are  many  other  events,  like  sep- 
sis, where  you  don't  need  ENO  to  say 
that  the  patient's  septic.  ENO  is  no 
additional  diagnostic  factor  when  you 
have  a  year-old  defined  diagnosis  of 
the  patient — at  least  I  don't  think  so. 
Exhaled  NO  might  be  a  warning  sign 
during  post-transplantation  phases, 
and  there  are  some  studies  with  sys- 
temic nitric  oxide  production  after 
liver  transplantation  showing  that  this 
might  play  a  very  important  role,  pos- 
sibly being  one  of  the  first  clinical 
fields  for  diagnosis. 
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Roberts:  I  found  your  observations 
on  nasal  NO  production  in  preterm 
infants  very  interesting,  especially 
since  newborns  don't  have  nasal  si- 
nuses; so  where  would  you  speculate 
the  NO  in  babies  is  coming  from? 

Gerlach:  Good  question.  We  don't 
know.  As  I  said,  it's  very  difficult  to 
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interpret  because,  with  this  type  of  ven- 
tilation, you  really  can't  say  the  intu- 
bated and  the  nonintubated  children 
are  different,  since  they  are  probably 
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also  different  in  the  kind  of  lung  in- 
flammation. Furthermore,  ENO  level 
is  also  influenced  by  the  upper  air- 
way. As  you  said,  they're  breathing 


through  the  nose,  but  they  don't  have 
any  sinuses,  and  probably  it's  local 
production  in  the  nasal  pharynx.  That's 
the  only  speculation  1  have. 
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The  initial  realization  that  we  had  back  in  1989  and  1990 
was  that  inhaled  nitric  oxide  (INO)  presented  a  golden  op- 
portunity. It  was  a  small  free  radical  that  was  easily  diffus- 
able,  so  that  it  could  be  administered  by  inhalation.  Its  bio- 
logical action  was  identical  to  endothelium-derived  relaxing 
factor.  Because  avid  binding  of  NO  to  hemoglobin  limits 
NO's  duration  of  action  in  the  systemic  circulation,  we  thought 
that  INO  might  produce  selective  pulmonary  vasodilation, 
which  is  a  goal  we  had  been  seeking  for  a  long  time. 

Higenbottam  et  al'  had  previously  administered  INO  to 
patients  and  volunteers  to  determine  the  diffusing  capacity 
of  the  lung.  They  found  that  INO  could  be  administered 
safely,  so  there  was  good  precedent  for  human  use,  and 
that  research  helped  move  INO  out  of  the  laboratory  and 
into  the  clinic  at  a  very  early  stage. 

The  first  and  main  question  for  INO  research  in  the 
early  1990s  was:  Could  INO  be  a  selective  pulmonary 
vasodilator?  We  weren't  primarily  interested  in  curing  acute 
respiratory  distress  syndrome  (ARDS),  and  of  course  we 
had  not  yet  considered  all  the  various  applications  ad- 
dressed in  this  conference.  We  just  thought  that  INO  might 
be  a  selective  pulmonary  vasodilator.  Many  studies  since 
that  time — more  than  we  can  count  in  review  here — have 
concluded  convincingly  that  INO  is,  indeed,  a  selective 
pulmonary  vasodilator,  under  a  wide  variety  of  both  ani- 
mal models  and  clinical  conditions. 

A  secondary  hypothesis  was  that  INO  might  be  able  to 
improve  oxygenation  in  acute  lung  injury.  Intravenously- 
administered  vasodilators  that  had  been  used  up  until  that 
time  diffusely  release  hypoxic  pulmonary  vasoconstriction 
within  the  lungs  and  can  worsen  oxygenation.  But  INO, 
because  it  is  delivered  to  the  best-ventilated  areas  of  the 
lung  and  then  rapidly  bound  to  hemoglobin  and  inacti- 
vated in  the  circulation,  should  selectively  vasodilate  ven- 
tilated lung  regions,  while  the  unventilated  areas  of  the 
lung  do  not  receive  any  INO.  Therefore,  oxygenation  should 
improve  through  reductions  in  venous  admixture. 

If  a  significant  amount  of  INO  were  freely  transported 
and  remained  active  within  the  circulation,  INO  would  not 
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have  a  selective  effect  on  oxygenation,  INO  would  be 
delivered  to  all  parts  of  the  lung,  and  oxygenation  would 
not  improve.  That  is,  INO  would  act  like  any  other  intrave- 
nously-delivered vasodilator.  Fortunately,  that  doesn't  appear 
to  be  the  case.  It  is  probably  the  selective  delivery  of  INO  and 
its  brief  duration  of  action  that  make  INO  effective  in  the 
improvement  of  oxygenation  in  ARDS  patients. 

We  now  have  good  evidence  in  many  animal  and  clin- 
ical models  that  INO  is  effective  in  selectively  reducing 
pulmonary  artery  pressure,  without  causing  systemic  hy- 
potension. In  many  patients  with  lung  injury,  INO  also 
improves  oxygenation.  The  key  question  remaining  is:  Are 
the  beneficial  effects  of  INO  sufficient  to  alter  outcome? 
There  are  a  couple  of  reasons  to  think  that  they  might 
positively  influence  outcome.  Certainly,  decreased  pulmo- 
nary capillary  pressure  should  decrease  the  extent  of  pul- 
monary edema,  should  improve  lung  compliance,  and  might 
improve  resolution  of  lung  injury.  Improved  oxygenation 
should  permit  us  to  lower  the  fraction  of  inspired  oxygen 
(F|o,)  and  airway  pressures,  and  lower  airway  pressures 
could  reduce  barotrauma. 

However,  there  are  some  problems  with  these  hypoth- 
eses. The  pulmonary  artery  pressures  are  usually  only  mod- 
estly elevated  in  ARDS,  and  the  resulting  pulmonary  hy- 
pertension is  rarely  life-threatening.  Even  in  severe  ARDS, 
the  mean  pulmonary  artery  pressure  is  usually  about  30 
mm  Hg.  This  degree  of  pulmonary  hypertension  is  well- 
tolerated,  and  very  few  patients  with  ARDS  die  of  acute 
pulmonary  hypertension. 

The  F[o,  used  to  treat  patients  with  ARDS  correlates 
very  poorly  with  survival.  This  suggests  that  we  probably 
won't  see  a  difference  in  outcome  simply  by  reducing  F|q^ 
slightly,  because  we  could  never  prove  that  the  F[q^  alone 
was  a  significant  outcome  variable. 

Importantly,  with  the  use  of  ventilatory  strategies  pop- 
ular today,  in  which  we  limit  airway  pressures  to  what  is 
thought  to  be  safe,  simply  reducing  airway  pressure  slightly 
has  not  been  shown  to  be  beneficial.  Dr  Stewart  random- 
ized a  large  population  of  patients  to  receive  high  or  low 
airway  pressures.^  This  patient  population  was  very  sim- 
ilar to  that  recruited  into  the  study  by  Dellinger  et  al  on 
INO  in  ARDS.^  Stewart  found  no  benefit  i.,  reducing  air- 
way pressures.  So,  if  we  used  a  drug  that  would  result  in 
similar  reductions  of  airway  pressures,  we  would  probably 
end  up  with  the  same  result.  And  we  did.  But,  there  may  be 
an  additional  confounding  variable.  All  the  randomized  pro- 
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tocols  of  INO  in  ARD6  were  designed  to  reduce  F|o,  and 
reduce  airway  pressure  as  soon  as  possible.  In  the  study  by 
Dellinger  et  al,  for  example,  positive  end-expiratory  pressure 
(PEEP)  was  decreased  soon  after  beginning  INO,  with  the 
goal  of  reducing  the  PEEP  level  to  5  cm  H^O.' 

Marcello  Amato's  study  suggests  that  premature  reduc- 
tions of  PEEP  may  not  be  beneficial.'*  The  way  that  we  had 
decided  to  wean  patients  within  the  experimental  NO  pro- 
tocols could  have  produced  derecruitment  by  prematurely 
reducing  PEEP.  We  may  therefore  have  simply  traded  the 
beneficial  effects  of  INO  for  early  reductions  of  PEEP  and 
derecruitment.  For  example,  what  happened  in  the  study  of 
Dellinger  et  al  between  4  hours  and  one  day  of  treatment? 
The  P„Q^  (arterial  oxygen  tension)/F|o,  ratio  immediately 
fell.  Obviously,  something  magical  did  not  happen  at  4 
hours.  The  only  thing  that  did  happen  was  that  the  inves- 
tigators reduced  the  intensity  of  mechanical  ventilation 
during  that  time.  There  is  no  way  of  telling  precisely  how 
this  affected  the  patients'  outcome.  It  is  certainly  not  sur- 
prising that  the  study  could  not  demonstrate  a  difference  in 
outcome.  Conceivably,  if  Amato  et  al  are  correct  in  their 
hypotheses,  the  ventilatory  strategy  employed  in  the  study 
by  Dellinger  et  al,  which  promoted  a  low  level  of  PEEP, 
could  have  made  the  patients  worse. 

The  randomized  studies  of  INO  in  ARDS  have,  indeed, 
been  disappointing.  One  would  not  have  expected  a  big 
change  in  outcome  in  this  patient  population.  Pulmonary 
artery  pressures  were  only  moderately  elevated  and  they 
were  decreased  only  modestly  by  INO.  While  oxygenation 
initially  improved,  the  duration  of  benefit  was  uncertain,  be- 
cau.se  PEEP  was  reduced  as  soon  as  the  nitric  oxide  was 
started.  The  other  disappointment  is  that,  except  for  a  reduc- 
tion in  the  use  of  extracorporeal  membrane  oxygenation 
(ECMO)  in  the  pediatric  studies,  and  in  adults  in  the  German 
experience,  clinical  outcome  variables  have  been  unaffected.-'' 

Were  the  randomized  studies  of  INO  in  ARDS  designed  to 
fail?  The  hypothesis  was  that  relief  of  hypoxemia,  decreased 
pulmonary  artery  pressure,  and  reduced  intensity  of  mechan- 
ical ventilation  would  be  beneficial.  But  how  were  the  studies 
designed?  Those  patients  with  life-threatening  hypoxemia 
were  excluded.  A  patient  had  to  have  a  P.,o,  of  at  least  70  mm 
Hg  on  an  F|o,  of  0.95  to  enter  the  study.  The  pulmonary 
artery  pressures  were  only  moderately  elevated.  Consequently, 
INO  reduced  the  pulmonary  artery  pressure  by  only  about  2 
mm  Hg  in  this  patient  population.  The  ventilatory  protocol 
encouraged  the  use  of  moderate  levels  of  PEEP  (8-12  cm 
HjO)  and  required  the  PEEP  to  be  decreased  to  5  cm  HjO 
before  treatment  gas  could  be  discontinued. 

There  are  6  issues  that  have  contributed  to  the  confusion 
and  disappointment  surrounding  the  design  of  studies  of 
INO  in  ARDS; 

1.  The  effect  of  INO  varies  among  patients.  One  third  of 
the  patients  were  nonresponders;  they  didn't  have  any  ini- 
tial beneficial  response  to  INO.  Nevertheless,  these  pa- 


tients are  included  in  the  study  results  when  analyzed  on 
an  "intention-to-treat"  basis. 

2.  A  larger  dose  of  INO  is  not  necessarily  better.  Gerlach 
and  co-workers  have  demonstrated  very  nicely  that  the 
dose-response  to  INO  is  not  linear.*  We  expected  a  linear 
dose-response  relationship,  but  we  didn't  get  it.  Indeed, 
the  beneficial  effects  at  higher  doses  may  be  reduced  or 
absent  compared  with  the  effects  seen  with  very  low  doses. 

3.  Gerlach  et  al  and  Lundin  et  al  have  demonstrated  that 
the  dose-response  relationship  to  INO  varies  over  time.'''' 
We  were  ignorant  of  this  phenomenon  when  prospective 
studies  were  designed.  Those  studies  relied  on  the  admin- 
istration of  a  single  fixed  dose. 

4.  Improvements  in  P^q,  may  have  been  offset  by  pre- 
maturely reducing  PEEP.  When  the  studies  were  designed, 
the  work  of  Amato  and  co-workers  was  not  widely  known. 
The  guidelines  promulgated  by  the  American  College  of  Chest 
Physicians^  were  the  best  practice  available  at  the  time.  Lim- 
itation of  airway  pressure  was  appreciated,  but  maintenance 
of  recruited  lung  with  adequate  levels  of  PEEP  was  not. 

5.  The  do.se  studied  may  have  imparted  its  own  toxicity. 
Doses  as  high  as  80  ppm  have  been  evaluated  in  both 
pediatric  and  adult  studies.  In  this  light,  the  work  of  Mu- 
rakami et  al  is  of  great  interest.  In  a  model  of  ischemia- 
reperfusion  injury  during  lung  transplantation,  low  doses 
of  INO  were  protective,  but  high  doses  were  not.  Prior  to 
tho.se  studies,  it  was  not  well  appreciated  that  the  benefi- 
cial effects  of  INO  would  be  lost  at  higher  doses.** 

6.  Lastly,  the  patients  included  in  studies  of  ARDS  rarely 
have  a  single  disease  of  uniform  severity.  This  might  in- 
crease the  heterogeneity  of  response  to  or  benefit  from 
INO.  The  response  to  INO  may  be  confounded  by  sepsis, 
excessive  endogenous  NO  production,  or  the  lack  of  en- 
dogenous production. 

In  summary,  what  can  we  conclude  about  the  random- 
ized studies?  We  seem  to  have  discovered  everything  there 
is  to  know,  except  whom  to  treat,  when  to  treat,  with  how 
much,  and  for  how  long.  But,  ail  is  not  lost,  I  think.  INO 
has  additional  effects  that  may  be  therapeutic,  and  newly- 
discovered  effects  have  been  themes  in  this  conference: 

•  Dr  Channick  reported  that  improvement  of  symptoms 
in  patients  with  chronic  pulmonary  artery  hypertension 
was  impressive  and  durable  over  a  long  period  (years) 
despite  those  patients  being  hemodynamic  nonresponders. 
They  did  not  have  an  immediate  reduction  in  pulmonary 
artery  pressure;  they  did  not  have  an  improvement  in  ox- 
ygenation; but  something  was  still  happening  and  the  pro- 
gression of  disease  appeared  to  be  slowed.  More  formal 
prospective  trials  would  be  of  great  interest. 

•  We  discussed  improved  exercise  tolerance  in  patients 
with  chronic  obstructive  pulmonary  disease  (COPD). 
Again,  improved  exercise  tolerance  occurred  in  the  ab- 
sence of  major  hemodynamic  responses.  Something  else 
was  going  on. 
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•  We  discussed  important  anti-platelet-adhesion  effects 
in  multiple  vascular  models:  the  coronary  circulation,  the 
carotid  circulation,  and  decreased  platelet  adhesion  in  ex- 
tracorporeal membrane  circuits. 

•  Dr.  Bacha  reported  reduced  leukocyte  activation  and 
blunting  of  the  inflammatory  response  to  reperfusion. 

•  Although  not  discussed  in  our  conference,  in  a  num- 
ber of  animal  models  it  has  been  demonstrated  that  INO 
can  reduce  oxygen  toxicity  and  increase  survival  during 
hyperoxia.""" 

One  of  the  important  things  that  we  have  learned  over 
the  last  several  years  is  how  to  do  these  types  of  studies 
safely  and  correctly.  This  has  required  the  role  of  industry, 
companies  such  as  Ohmeda  and  now  INO  Therapeutics, 
among  others,  and  people  with  an  interest  in  the  delivery 
and  monitoring  of  INO.  One  of  the  problems  was  that  there 
were  many  different  strategies  for  delivering  INO:  continu- 
ous delivery  to  the  trachea  or  the  Y-piece  of  the  ventilator 
circuit,  continuous  or  intermittent  delivery  to  the  inspiratory 
limb,  and  breathing  from  a  large  reservoir  bag  containing 
NO,  to  name  a  few.  Because  these  different  designs  deliver 
different  doses  and  dosing  patterns  of  INO,  comparisons  of 
dose-response  relationships  have  been  difficult. 

A  high  dose  of  INO,  which  some  strategies  utilized, 
may  be  associated  with  a  reduction  of  effect,  and  perhaps 
with  increased  toxicity.  Very  low  concentrations,  includ- 
ing atmospheric  NO  and  endogenously  produced  NO,  which 
may  have  been  undetected  in  clinical  trials,  also  have  bi- 
ologically important  effects.  We  must  be  sensitive  to  the 
effects  of  both  low  and  high  level  exposure  when  we  de- 
sign delivery  and  monitoring  systems  and  assess  the  bio- 
logic effects  of  INO. 

One  of  the  most  important  advances  for  clinical  NO 
research  is  that  medical  manufacturing  standards  for  NO 
have  been  developed.  We  no  longer  need  to  worry  about 
impure  gas  supplies,  and  accurate,  reliable  delivery  sys- 
tems are  now  available. 

Critical  study  of  mixing  patterns,  gas  flow  patterns,  and 
monitoring  sites  have  aided  in  determining  dose-response 
relationships,  but  the  expression  of  dose  remains  unclear. 
Most  likely,  the  dose  of  NO  will  continue  to  be  expressed 
as  parts  per  million  (ppm)  or  in  amount  (volume  or  moles) 
delivered  to  the  lung  per  unit  time,  depending  on  the  goal 
of  the  study  or  application.  Overall,  we  can  conclude  that: 
the  use  of  medical  grade  NO  is  crucial  to  continued  stud- 
ies; NO  gas  can  be  delivered  and  analyzed  accurately  and 
safely,  with  very  low  NO2  levels;  and  that  studies  can 
proceed  in  a  responsible  manner. 

What  areas  did  we  discuss  in  the  conference?  Possible 
indications  for  INO  include  persistent  pulmonary  hyper- 
tension of  the  newborn  (PPHN),  ARDS,  lung  and  cardiac 
transplantation,  congenital  and  acquired  heart  disease, 
chronic  pulmonary  hypertension,  and  direct  effects  on  blood 
elements,  specifically  in  the  treatment  of  sickle  cell  disease. 


Neonatal  applications  deserve  emphasis  because  they  pro- 
vide a  relatively  uniform  disease  characterized  by  severe  pul- 
monary vasoconstriction.  The  efficacy  of  INO  in  PPHN  has 
been  substantiated  in  multicenter,  randomized,  placebo-con- 
trolled trials.  INO  reduces  the  necessity  for  ECMO.  I  think 
that  this  is  a  sufficient  outcome  variable  to  justify  its  contin- 
ued use  because  of  the  high  cost  of  ECMO,  the  complications 
secondary  to  ECMO's  invasive  nature,  and  the  necessity  for 
systemic  anticoagulation.  INO  is  not  as  effective  in  other 
pediatric  lung  diseases;  response  appears  to  be  reduced  in 
congenital  diaphragmatic  hernia  and  pediatric  ARDS. 

It  is  worthwhile  to  review  two  key  studies:  the  NINOS 
study  and  Dr  Roberts's  study. '2"  The  NINOS  group  stud- 
ied 230  infants  of  at  least  34  weeks  gestational  age.  They 
were  randomized  to  receive  100%  oxygen  or  oxygen  plus 
INO.  The  use  of  ECMO  was  reduced  from  54%  in  the 
control  group  to  39%  in  the  INO  group,  though  the  study 
did  not  find  a  statistically  significant  change  in  mortality. 

Roberts  et  al  randomized  58  infants  with  severe  hypox- 
emia and  PPHN  to  receive  nitrogen  or  80  ppm  INO.  Was 
that  the  right  dose  to  use?  Nobody  really  knows,  but  ox- 
ygenation doubled  in  53%  of  the  children  receiving  INO 
(versus  7%  of  the  control  patients),  so  there  was  an  initial 
effect.  This  effect  was  sustained  in  75%  of  the  infants  who 
had  initial  improvement  and,  again,  resulted  in  an  impor- 
tant reduction  in  ECMO  use. 

What  about  the  use  of  INO  in  ARDS?  Here  the  placebo- 
controlled  trials,  as  we've  discussed,  have  been  disappoint- 
ing, because  they  have  not  demonstrated  persistent  im- 
provements in  oxygenation  or  improved  outcome.  The 
protocols  may,  by  reducing  PEEP,  have  resulted  in  dere- 
cruitment  of  the  lung.  The  study  by  Dellinger  et  al""  sug- 
gested an  improved  outcome  in  a  specific  low-dose  (5 
ppm)  subgroup.  The  efficacy  of  that  dose  is  being  exam- 
ined currently,  but  it  will  not  be  surprising  if  this  study  is 
negative,  because  we  did  not  control  for  the  degree  of  lung 
recruitment  and  reduced  PEEP  when  INO  increased  the 
P^o,-  Dr  Gerlach  reported  that,  in  their  experience,  the  use 
of  INO  has  reduced  the  use  of  ECMO  in  their  patient 
population.  On  the  other  hand,  the  study  by  Lundin  et  aF 
reported  an  increased  incidence  of  renal  failure,  for  un- 
clear reasons.  No  significant  toxicity  has  been  reported  in 
any  of  the  other  studies.  On  balance,  instead  of  enthusi- 
astic approval,  I  think  we  now  must  carefully  analyze  and 
caufiously  consider  the  use  of  INO  in  ARDS. 

In  organ  transplantation,  INO  may  provide  selective  pul- 
monary vasodilation  for  both  the  native  and  transplanted 
lung,  and  may  reduce  the  necessity  for  cardiopulmonary 
bypass  during  lung  transplantation,  according  to  published 
small  series.  Animal  model  data  suggest  that  NO  can  re- 
duce reperfusion  injury  in  lung  transplantation,  and  some 
episodic  reports  indicate  that  INO  may  reduce  pulmonary 
hypertension  and  improve  right  ventricular  function  dur- 
ing heart  transplantation.  This  area  of  research  needs  ad- 
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ditional  study,  because  so  far  it  is  substantiated  only  by 
case  reports  and  small  series.  However,  it  is  a  very  prom- 
ising area,  on  which  Dr  Bacha  reviewed  exciting  research 
at  this  conference.  In  a  porcine  model  of  a  left  single-lung 
transplantation,  animals  were  randomized  to  receive  pla- 
cebo or  30  ppm  INO.  INO  administered  only  for  the  first 
4  hours  following  reperfusion  produced  an  improvement  in 
gas  exchange,  an  improvement  in  pulmonary  vascular  resis- 
tance at  4  hours  and  24  hours  after  transplantation,  and  re- 
duced neutrophil  sequestration  at  24  hours  after  transplanta- 
tion, suggesting  a  jDersistent  anti-inflammatory  effect. 

In  cardiac  surgery,  the  use  of  INO  as  a  selective  pul- 
monary vasodilator  is  well-described  and  accepted,  despite 
the  descriptions  only  being  small  case  series.  INO  has 
been  used  to  determine  pulmonary  vascular  reactivity  and 
the  necessity  for  heart-lung  transplantation  versus  lung 
transplantation  alone.  The  use  of  INO  has  also  been  de- 
scribed as  a  bridge  to  transplant.  The  intraoperative  use  of 
INO  has  been  described  in  small  case  series.  Outcome 
studies  are  difficult  to  perform  in  the  operating  room,  be- 
cause of  the  number  of  variables  involved  and  the  inherent 
instability  of  the  patient  during  cardiac  surgery.  Postoper- 
atively, INO  has  been  used  to  treat  right  ventricular  dys- 
function associated  with  pulmonary  hypertension. 

Why  is  INO  useful  in  cardiac  disease?  Specifically,  un- 
like other  pulmonary  vasodilators  currently  available,  INO 
can  reduce  pulmonary  vascular  resistance  while  maintain- 
ing coronary  perfusion  pressure.  It  is  extremely  critical  to 
maintain  aortic  pressure  and  right  coronary  artery  perfusion 
pressures  in  the  presence  of  right  ventricular  dysfunction. 
Fortunately,  right  ventricular  dysfunction  is  rare,  but  its  rarity 
makes  it  hard  to  study.  Right  ventricular  dysfunction  is  often 
transient,  and  when  it  happens,  it' s  catastrophic.  Consequently, 
it  would  be  extremely  difficult  to  perform  an  adequate  dou- 
ble-blind study  of  the  use  of  INO  for  this  disease. 

In  cardiac  transplantation,  small  case  series  have  docu- 
mented that  INO  can  reduce  pulmonary  vascular  resis- 
tance and  that  sometimes  this  effect  can  be  substantial. 
The  use  of  INO  to  treat  cardiac  failure  requiring  a  left 
ventricular  assist  device  is  an  important  example,  because 
here  blood  flow  direcUy  depends  on  pulmonary  vascular 
resistance,  and  reductions  of  pulmonary  resistance  can  in- 
crease blood  flow  delivery  to  the  left  ventricular  assist 
device  in  this  situation.  A  similar  physiologic  situation 
exists  after  a  Fontan  procedure,  after  which  INO  has  also 
been  reported  to  be  effective.  Again,  only  case  reports  and 
small  series  have  been  published  so  far. 

Not  everything  is  rosy  with  the  use  of  INO  to  treat  cardiac 
disease,  because  INO  has  been  associated  with  important  left 
ventricular  dysfunction.  There  are  case  reports  of  pulmonary 
edema,  and  in  2  studies  pulmonary  capillary  wedge  pressure 
increased  and  cardiac  index  decreased  in  response  to  high 
doses  of  INO.'"*  '*  This  increase  may  be  due  to  small  in- 
creases in  left  ventricular  volume  associated  with  improved 


right  ventricular  function  that,  in  turn,  produce  exaggerated 
increases  in  pulmonary  capillary  wedge  pressure  when  the 
left  ventricle  is  poorly  compliant.  In  this  conference,  we  have 
reviewed  the  possibility  that  INO  may  be  a  negative  inotrope, 
and  concluded  that  it  is  not. 

What  about  the  chronic  use  of  INO  for  chronic  pulmo- 
nary hypertension?  Dr  Channick  reviewed  the  subject  for 
this  conference,  and  suggested  that  endothelial-dependent 
relaxation  may  be  impaired  in  certain  pulmonary  diseases 
such  as  COPD  and  primary  pulmonary  hypertension.  The 
acute  response  to  INO  in  such  patients  corresponds  to  the 
acute  response  to  calcium  channel  blockers  or  prostacy- 
clin. This  correlation  has  been  useful  in  the  cardiac  cath- 
eterization laboratory  to  suggest  which  patients  may  have 
pulmonary  vascular  recruitability  and  will  respond  to  va- 
sodilator therapy.  Because  INO  does  not  cause  systemic 
hypotension  during  such  therapeutic  trials,  its  use  could  be 
safer  than  intravenous  or  oral  vasodilators. 

Dr  Channick  described  an  on-demand  INO  delivery  de- 
vice, used  with  a  nasal  cannula,  developed  for  chronic 
ambulatory  use.  At  this  conference,  he  described  its  use  in 
7  patients  for  a  time  period  between  12  weeks  and  3  years. 
He  reported  a  durable,  subjective  response:  the  patients  feel 
better;  pulmonary  artery  pressure  is  decreased  over  time;  and 
no  adverse  effects  have  been  observed.  The  mechanism  of 
action  remains  uncertain.  All  of  these  patients  initially  had  no 
hemodynamic  response  to  INO.  Also,  this  is  a  single,  uncon- 
trolled case  series,  and  requires  further  study. 

In  other  chronic  lung  diseases,  such  as  COPD,  pulmo- 
nary hypertension  is  usually  mild,  so  one  would  not  expect 
INO  to  have  a  large  effect,  and  it  has  a  variable  effect  on 
gas  exchange.  It  can  worsen  oxygenation  at  rest,  depend- 
ing upon  the  ventilafion-perfusion  ratio  (V/Q)  distribution. 
During  exercise,  however,  INO  prevents  exercise-induced 
oxygen  desaturation  in  patients  with  severe  COPD.  This 
effect  may  relate  to  different  V/Q  distribution,  to  an  al- 
tered pattern  of  INO  delivery  during  exercise,  or  to  some 
other  effect.  However,  patients  with  idiopathic  pulmonary 
fibrosis  who  have  both  severe  pulmonary  artery  hyperten- 
sion and  hypoxemia  may  benefit  from  INO,  especially 
when  it  is  combined  with  oxygen  treatment. 

Dr  Stewart  reviewed  the  complex  relationship  between 
NO  and  sepsis,  and  suggested  that  blockade  of  NO  syn- 
thase (NOS)  might  improve  outcome.  He  reviewed  a  num- 
ber of  strategies,  suggesting  that  blockade  was  possible, 
but  was  associated  with  a  number  of  problems.  The  proper 
blocker  to  use,  its  dose,  and  timing  are  unknown.  The 
initial  human  trials  of  one  nonselective  blocker,  N'^-mono- 
methyl-L-arginine  (L-NMMA),  suggested  increased  mor- 
tality with  the  use  of  this  drug,  rather  than  a  benefit. 

Several  problems  have  been  noted  with  the  use  of  non- 
selective NOS  blockade.  The  use  of  nonselective  NOS 
blockade  during  sepsis  induced  in  animal  models  has  been 
reported  to  produce  increased  lung  injury,  pulmonary  hy- 
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pertension,  inappropriate  peripheral  vasoconstriction,  and, 
perhaps,  decreased  cardiac  output,  oxygen  delivery,  and 
worsened  multiple  organ  failure.  What  is  the  role  for  INO 
in  this  area?  INO  may  reduce  the  pulmonary  hypertension 
produced  by  NOS  blockade,  and  perhaps  could  be  used  for 
combination  therapy.  Because  INO  is  sometimes  less  ef- 
fective during  sepsis,  the  clinical  efficacy  of  such  combi- 
nation therapy  is  uncertain. 

Dr  Head  reviewed  the  effects  of  INO  on  blood  elements — 
an  extremely  exciting  area  of  research.  Dr  Head  reported  that 
INO  can  modify  sickle  red  cells,  reducing  the  elevated  P50  in 
those  cells  very  dramatically  toward  normal.  NO  also  has  an 
important  role  in  controlling  local  blood  flow.  The  efficacy  of 
INO  as  a  therapy  for  the  treatment  of  sickle  cell  disease  is 
now  being  evaluated  in  randomized,  prosf)ective  studies. 

NO  may  have  important  effects  on  blood  and  vessel 
elements  that  are  only  beginning  to  be  explored.  INO  has 
been  reported  to  inhibit  platelet  adhesion  and  aggregation, 
inhibit  P-selectin  in  white  cells,  inhibit  white  cell  adhesion, 
decrease  superoxide  production,  and  reduce  leukocyte  infil- 
tration and  inflammation.  NO  also  inhibits  leukocyte  and 
platelet  adhesion  to  endothelial  cells,  and  can  attenuate  en- 
dothelial dysfunction  and  damage  in  some  models. 

Dr  Gerlach  reviewed  the  complex  field  of  exhaled  NO 
(ENO).  High  levels  of  NO  are  present  within  the  naso- 
pharynx and  sinuses.  Controlling  the  pattern  of  breathing 
and  using  proper  analytic  techniques  are  crucial  to  study- 
ing ENO.  Endogenous  levels  have  important  physiologic 
effects  on  oxygenation.  It  has  been  suggested  that  we  might 
redirect  the  intubated  patient's  own  nasally-produced  ENO 
into  the  ventilator  inspiratory  limb  so  that  the  lower  air- 
ways receive  this  endogenous  NO. 

ENO  levels  are  affected  by  inflammation.  ENO  may  be 
produced  locally,  within  the  alveoli,  or  by  macrophages.  The 
source  of  NO  may  also  be  enzyme-independent  formation  of 
NO  in  tissues,  especially  during  reperfusion  or  ischemia.  This 
is  a  particularly  fascinating  thing  to  consider.  Many  diseases 
alter  NO  excretion:  hypoxia,  high  altitude  pulmonary  edema, 
acute  rejection,  and  ARDS.  The  clinical  meaning  or  utility  of 
ENO  measurements  remain  to  be  determined. 

Dr  Hess  reviewed  the  adverse  effects  of  and  hypore- 
sponsiveness  to  INO  therapy.  About  one  third  of  our  pa- 
tients do  not  respond  to  INO,  and  we  don't  know  why. 
Among  the  adverse  effects  is  the  fact  that  INO  inhibits 
platelet  function.  Increased  bleeding  times  and  decreased 
platelet  aggregation  have  been  reported.  In  randomized 
studies,  however,  an  increased  incidence  of  clinical  bleed- 
ing has  not  been  substantiated.  Indeed,  platelet  inhibition 
could  be  therapeutic  rather  than  detrimental.  Nevertheless, 
a  cautious  approach  is  necessary  because  of  the  possible 
risks  from  longer  bleeding  time.  INO  may  also  have  ad- 
verse hemodynamic  effects;  in  patients  with  .severe  left 
ventricular  dysfunction,  increased  left  ventricular  end-di- 
astolic  pressure  and  pulmonary  edema  have  been  reported. 


Rebound  hypoxemia  and  pulmonary  hypertension  may  oc- 
cur after  the  discontinuation  of  INO.  Rebound  hypoxemia 
and  pulmonary  hypertension  can  be  anticipated,  and  atten- 
uated by  increasing  the  F|o,,  and,  perhaps,  through  the 
administrafion  of  phosphodiesterase  inhibitors. 

Dr  Hess  also  reviewed  the  occurrence  of  methemoglo- 
binemia and  the  direct  toxicity  of  INO.  The  incidence  of 
methemoglobinemia  has  been  low  in  randomized  studies. 
Its  incidence  is  more  common  in  neonates  and  with  high 
inhaled  doses,  but,  surprisingly,  its  occurrence  has  been 
well  tolerated  (there  were  no  sequelae  to  methemoglobin- 
emia in  randomized  studies)  and  easily  treated  by  reducing 
the  INO  dose.  Therapies,  including  methylene  blue  and 
ascorbic  acid,  are  available  but  should  not  be  necessary. 

At  high  concentrations,  NO  is  directly  toxic  to  tissues. 
The  most  dramatic  example  of  toxicity  is  silo-filler's  dis- 
ease, which  is  often  fatal.  High  levels  of  NO  are  also 
present  in  cigarette  smoke.  These  levels,  while  much  greater 
than  the  concentrafions  being  considered  for  clinical  use, 
do  not  appear  to  be  acutely  toxic.  Other  areas  of  toxicity 
that  we  discussed  were  nitrogen  dioxide  production,  per- 
oxynitrite  production,  and  effects  on  surfactant.  NO2  pro- 
duction can  be  a  serious  problem,  but  very  low  levels  have 
been  reported  in  randomized  trials.  Excellent  delivery  sys- 
tems and  medical  grade  sources  of  NO  gas  have  been 
developed,  and  INO  doses  have  been  decreased,  so  NOj 
levels  have  been  kept  quite  low.  There  is  a  potential  for 
NO2  producfion  within  the  lungs,  especially  within  areas 
with  very  long  residence  times.  We  don't  know  how  big 
that  potential  is,  and  we  don't  truly  know  how  significant 
NO2  production  is. 

The  clinical  importance  of  peroxynitrite  production  dur- 
ing INO  remains  unclear.  Peroxynitrite  production  may  be 
a  serious  and  dangerous  source  of  toxicity,  but  a  recent  study 
found  no  evidence  for  nitrotyrosine  or  lipid  peroxidation  in 
the  tracheal  secretions  of  infants  receiving  INO.'^  Similarly, 
the  clinical  implications  of  decreased  SP-A  gene  expression 
or  alterations  of  surfactant  function  remain  unclear. 

The  bottom  line  for  toxicity,  at  least  for  now,  is  that  in 
follow-up  of  patients  who  have  received  INO,  pulmonary 
function  appears  similar  to  other  survivors  of  ARDS,  and, 
overall,  toxicity  appears  low.  I  think  the  most  important 
thing  to  realize  is  that  the  doses  that  we  are  now  com- 
monly using  are  less  than  what's  received  with  cigarette 
exposure,  and  are  nearly  within  the  range  encountered  in 
the  ambient  air  of  many  urban  centers. 

Dr  Bigatello  discussed  some  of  the  local  factors  that  can 
limit  the  efficacy  of  INO.  Remember,  one  third  of  patients 
don't  respond,  and  their  response  rate  can  change  over 
time  or  among  patients,  perhaps  due  to  fixed  increases  of 
pulmonary  vascular  tone,  the  activation  of  endogenous  NO 
in  sepsis,  or  defects  in  the  NO-cGMP  (cyclic  guanidine 
monophosphate)  signal  transduction  system,  which  may 
be  associated  with  increases  in  phosphodiesterase  activity. 
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There  may  be  several  ways  we  can  make  INO  work 
better.  We  can  use  PDE  inhibitors,  and  we  discussed  the 
research  done  on  zaprinast,  and  similar  work  done  with 
dipyridamole  in  patients,  and  we're  awaiting  the  advent  of 
more  potent  PDE  inhibitors  that  are  suitable  for  human 
use.  Other  types  of  NO  donors,  diazeniumdiolates  (nucleo- 
phile/NO  adducts),  are  being  developed,  which  can  be 
nebulized  or  administered  intravenously.  These  might  pro- 
vide alternative  routes  of  NO  administration.  We  can  also 
use  complementary  drugs;  infusions  of  prostacyclin  or  pros- 
tacyclin analogs  can  enhance  INO's  vasodilation.  Indepen- 
dently, we  can  employ  other  therapeutic  modalities  that 
can  enhance  the  effects  of  INO  by  promoting  alveolar  re- 
cruitment; the  use  of  PEEP,  surfactant,  partial  liquid  ventila- 
tion, or  prone  ventilation.  We  can  also  consider  counterbal- 
ancing the  vasodilating  effects  of  INO  with  pharmacological 
pulmonary  vasoconstriction,  such  as  through  the  use  of  in- 
travenous phenylephrine,  or  by  enhancing  hypoxic  pulmo- 
nary vasoconstriction  through  the  use  of  almitrine. 

So,  to  sum  up,  while  INO  has  not  proven  to  affect  outcome 
in  ARDS,  and  hindsight  reveals  that  the  ARDS  studies  may 
have  had  certain  design  flaws,  INO  has  proven  valuable  in  re- 
ducing the  need  for  ECMO,  and  INO  definitely  remains  a  prom- 
ising topic  of  research  in  a  number  of  diseases  and  processes. 

What  specific  clinical  areas  now  merit  close  study?  I 
think  the  simple  evaluation  of  pulmonary  vascular  respon- 
siveness, which  is  now  performed  in  many  cardiac  cathe- 
terization laboratories  across  the  country,  deserves  proper 
analysis  and  double-blind  studies.  The  role  of  NO  in  reper- 
fusion  injury  and  lung  transplantation  is  incredibly  excit- 
ing; the  animal  data  are  impressive,  and  we  need  proper 
human  studies  on  this  subject.  Dr  Channick's  data  on  pa- 
tients with  chronic  pulmonary  hypertension  are  tantaliz- 
ing, because  these  patients  are  unresponsive  to  other  ther- 
apies. They  have  no  effective  treatment  other  than 
transplantation.  The  idea  of  using  INO  as  a  bridge  to  lung 
or  heart-lung  transplantation  also  deserves  further  study. 
Only  case  reports  or  small  case  series  exist  so  far.  Finally, 
rather  than  looking  at  final  outcome  in  ARDS,  looking  at  the 
initial  stabilization  phase  of  severe  ARDS,  as  suggested  by 
Dr  Bigatello  at  this  conference,  may  be  worthwhile. 

What  should  be  our  general  approach  for  future  studies? 
I  think  we  need  to  focus  on  single,  well-defined  specific 
diseases,  like  sickle  cell,  chronic  pulmonary  hypertension, 
and  PPHN,  rather  than  on  nonspecific  syndromes  such  as 
acute  lung  injury.  We  should  perform  controlled  studies 
that  have  proper,  well-defined,  attainable  endpoints.  Lastly, 
we  need  to  investigate  the  many  biological  effects  of  NO. 
The  effects  of  NO  on  proteins,  on  hemoglobin,  and  on 
various  blood  elements,  such  as  discussed  by  Dr  Head  at 
this  conference,  are  very  important  areas  of  future  study. 
The  topics  presented  at  this  conference  provide  a  broad 
and  fascinating  view  of  the  physiology  and  possibilities  of 
INO.  Simply  limiting  our  view  to  improving  oxygenation 


or  outcome  in  ARDS  would  be  myopic.  I  hope  this  con- 
ference has  helped  us  to  see  with  clearer  vision. 
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Sacred  Space:  Stories  from  a  Life  in  Med- 
icine, Clif  Cleaveland  MD.  Hardcover.  2 1 0 
pages.  Philadelphia:  American  College  of 
Physicians;  1998.  $21.95. 

Samuel  Luke  Fildes's  famous  painting, 
The  Doctor,  is  on  the  cover  of  Sacred  Space 
by  Clif  Cleaveland  MD.  As  a  child,  I  saw 
a  print  of  this  painting  in  my  father's  of- 
fice. It  touched  me  then  as  that  same  print 
does  now  in  my  own  office.  One  of  the 
highlights  of  this  book  is  a  description  of 
the  genesis  of  this  5'  x  8'  painting,  which 
hangs  in  the  Tate  Gallery  in  London.  Al- 
ways one  to  judge  a  book  by  its  cover,  I 
couldn't  wait  to  indulge  myself  in  the  book. 
I  couldn't  imagine  how  a  book  on  whose 
cover  this  picture  appears  could  be  any- 
thing but  compelling  throughout. 

This  commendable  collection  of  tales 
from  Dr.  Cleaveland' s  career  succeeds  in 
part  but  falls  short,  not  in  content,  but  in 
style  and  tone.  Using  vignettes  from  his 
life,  the  author  traces  the  journey  from 
his  roots  growing  up  in  rural  Georgia  to  his 
education  at  Duke,  Oxford,  Johns  Hopkins, 
and  Vanderbilt,  to  his  experience  in  the 
army,  and  finally  to  his  current  practice  in 
Chattanooga.  It  is  a  path  filled  with  various 
social,  cultural,  medical,  and  human  expe- 
riences that  have  shaped  his  perspective  and 
have  woven  rich  strands  in  the  fabric  of  his 
life.  The  reader  shares  the  patients  and  com- 
munities he  has  known  and  colleagues  with 
whom  he  has  interacted.  Some  of  the  sto- 
ries are  particularly  touching,  as  the  reader 
can  identify  with  familiar  landscapes. 

"Calories  and  Electrolytes"  recounts  viv- 
idly the  tale  of  a  terminally  ill,  elderiy 
woman  whom  the  author  took  care  of  with 
refreshing,  naive  optimism  as  a  third-year 
medical  student  on  his  surgical  rotation  at 
Johns  Hopkins.  In  this  tale,  his  description 
of  her  slow,  postsurgical  demise  is  partic- 
ularly well  done.  "Her  care  was  my  respon- 
sibility the  rest  of  the  time.  No  one  told  me 
that  Sally 's  case  was  hopeless;  weeks  pa.ssed 
before  I  realized  she  was  dying."  He  recalls 
being  chastised  for  being  compassionate 
and  troubled  about  the  dying  patient  by  the 
senior  resident,  "If  you  can't  stand  the  heat, 
you  don't  belong  in  the  kitchen."  He  goes 
on  to  tell  how  the  charge  nurse  and  Sally 
had  developed  a  bond  in  the  days  before 
her  dying  that  "stixxl  for  beauty  and  gra- 


ciousness  and  for  the  responsibility  of  teach- 
ing powerful  lessons  to  a  medical  student 
who  wandered  in  one  day." 

In  "A  Shattered  Denture,"  is  a  moving 
recounting  of  his  brief  stint  in  a  destitute 
mining  town  on  the  Ohio-West  Virginia 
border.  His  appreciative  patients  conveyed 
a  spectrum  of  the  ills  and  despair  that  befall 
the  neglected  in  our  society.  "I  saw,  in  that 
gray  place,  gray  and  passive  people,  em- 
physema and  bone-rattling  coughs,  diabe- 
tes and  alcoholism."  He  goes  on  to  tell  the 
story  of  a  woman  who  was  burdened  with 
4  children  and  an  abusive  husband  who 
forbid  her  to  use  birth  control.  When  her 
husband  discovered  her  birth  control  pills, 
she  was  beaten  senseless  and  toothless. 
Upon  recovery,  she  wanted  new  teeth  and 
more  pills.  Desperation  and  dignity  existed 
side-by-side.  Dr.  Cleaveland  never  returned 
to  a  similar  setting. 

It  is  here  that  I  have  2  general  criticisms: 
one  has  to  do  with  writing  style,  the  other 
with  attitude.  The  author  in  parts  writes  quite 
well;  in  others  he  "shows  rather  than  tells." 
In  many  of  his  chapters  he  describes  a  co- 
gent episode  from  his  life  but  does  not  let 
the  story  tell  itself.  He  goes  on  with  some 
unnecessary  editorializing  or  brief  closing 
statements  that  defeat  his  preceding  effort. 
At  times  it  becomes  quite  irritating.  For 
instance.  Page  54,  last  line,  after  deftly  de- 
scribing a  classmate  who  would  eventually 
commit  suicide,  he  spots  a  .scar  at  her  wrist, 
which  would  have  sufficed,  but  he  then  says. 
"I  wondered  about  this."  At  the  end  of  "A 
Shattered  Denture, "  after  having  painted  a 
brilliant  picture  of  the  mining  town,  he  tries 
to  tell  us  the  "work  of  this  nation  is  far 
from  finished."  After  a  particularly  moving 
description  of  Mary  Ruth,  an  elderiy  woman 
coping  courageously  with  the  ravages  of 
polio,  the  author  unnecessarily  states:  "Po- 
lio casts  long  and  terrible  shadows.  Mary 
Ruth  continues  to  teach  me  about  patience 
and  grace." 

These  examples  may  be  trivial  and  picky, 
but  they  are  just  a  few  of  the  many  stylistic 
flaws  that  f)ermeate  the  text  and  may  be  a 
subtle  reflection  of  a  more  insidious  flavor 
to  the  entire  book.  There  is  a  disturbing  air 
of  detachment  in  many  of  his  tales,  partic- 
ularly those  in  the  latter  half  of  the  b(H)k. 
Maybe  it  is  a  "loss  of  inncxence"  and  com- 


passion that  is  present  early  in  his  career; 
maybe  the  detachment  has  always  been  there. 
While  he  tells  a  lot  from  the  brief  stories 
about  his  life,  he  tells  little  of  himself.  I  think 
there  is  a  lot  more  to  this  dedicated  physician 
than  comes  out  in  these  objective,  at  times, 
awkward  accounts.  It  is  almost  as  if  he  is 
afraid  to  show  himself,  his  emotions,  his  vul- 
nerability, trying  to  avoid  the  deformation  in 
our  profession  that  causes  us  to  teeter  be- 
tween a  functional  professionalism  and  tear- 
ful immersion  in  our  patients"  trials,  tribula- 
tions, and  bad  luck.  I  kept  reading  on,  awaiting 
the  scholarly  compassion  and  insight  of  Lewis 
Thomas,  hoping  that  I  was  wrong  or  blind  to 
it,  but  it  never  came.  I  knew  I  was  not  totally 
off-base  when  his  haunting  detachment  al- 
most perversely  knocked  me  over  in  his  final 
story,  "The  Man  Who  Could  Not  Die."  For 
three  quarters  of  the  story,  the  patient  and  his 
wife  are  simply  an  anonymous  patient  and 
his  spouse,  both  courageous  in  the  face  of  an 
inexorable  downhill  course  from  many  con- 
ditions. Dr  Cleaveland  objectively  tells  of  this 
patient's  demise  and  only  at  the  end  does  he 
identify  him  as  his  father.  Why  not  indulge 
his  heart  and  allow  his  own  presence  as  a  son 
in  the  intimate  story  of  his  father's  dying  rather 
than  maintain  an  impersonal  detachment  and 
give  us  a  surprise  ending?  It  is  a  style  that 
perhaps  tells  us  more  than  he  is  able  to  him- 
self or  even  knows  about  himself.  It  may  be 
the  attitude  taught  an  earlier  generation  of 
physicians  or  a  person  who  lost  his  precious 
"innocence"  and  heart  as  a  third-year  surgical 
student. 

Since  I  rarely  trust  my  own  judgment  in 
these  matters,  I  had  a  few  colleagues,  with- 
out prompting,  read  some  sections.  All  of 
them  had  similar  impressions.  This  is  not  to 
say  that  Sacred  Space  is  not  worth  reading. 
It  is  a  valuable  addition  to  my  library,  but  for 
real  inspiration,  I  will  glance  at  my  wall  and 
kx)k  at  Fildes's  portrait  of  The  Doctor  or 
re-read  any  one  of  Lewis  Thomas's  works. 

Robert  B  Schoene  MD 

Division  of  Pulmonary  and 

Critical  Care  Medicine 

Department  of  Medicine 

University  of  Wa.shington 

Seattle,  Washington 
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Guidelines  for  Puimon^y  Rehabilitation 
Programs,  l"**  ed.  American  Association 
of  Cardiovascular  and  Pulmonary  Rehabil- 
itation (Geriiynn  Connors  RCP  RRT  and 
Lana  Hilling  RCP,  Editors).  Hardcover,  il- 
lustrated, 250  pages.  Champaign  IL:  Hu- 
man Kinetics:  1998.  $35.00. 

The  second  edition  of  this  text  is  both  an 
expansion  and  comprehensive  revision  of 
the  1993  work,  which  accomplished  for 
many  readers  the  authors'  intention  to  set 
standards  by  which  facilities  that  offer  re- 
habilitation services  could  measure  them- 
selves and  by  which  patients  could  be  better 
assured  of  receiving  the  services  they  need. 
The  book  length  has  been  increased  by 
nearly  100  pages.  A  more  important  change, 
however,  is  the  additional  resources,  re- 
views, and  practical  advice  that  conuibute 
much  to  supporting  the  initiation  of  a  new 
program  or  refurbishing  of  an  existing  one. 

The  editors,  Geriiynn  Connors  and  Lana 
Hilling,  are  2  individuals  with  a  great  deal 
of  real-life  experience  in  providing  rehabil- 
itation services  in  their  own  institutions. 
They  are  also  respected  speakers  and  au- 
thors in  their  own  right.  But  the  text  was 
also  extensively  reviewed  by  a  blue-ribbon 
assembly,  including  John  E  Hodgkin  MD, 
Andy  L  Ries  MD  MPH.  Barry  Make  MD, 
Richard  Casaburi  PhD  MD.  and  Charles  E 
Emery  PhD,  to  name  but  a  few,  to  provide 
a  nationally  derived  consensus  statement  of 
guidelines  for  programs. 

The  use  of  the  word  "guidelines'"  in  the 
title  may  imply  to  some  that  the  text  pur- 
ports a  cookbook  approach  to  rehabilitation, 
a  simple  formula  that  all  practitioners  should 
apply  to  all  patients.  However,  this  is  far 
from  the  message  of  the  text,  which  empha- 
sizes that  rehabilitation  must  be  tailored  to 
the  needs,  abilities  and  entering  conditions 
of  the  individual  patient.  The  Joint  Commis- 
sion on  Accreditation  of  Health  Care  Orga- 
nizations (JCAHO)  standards  for  the  indi- 
vidualization of  patient  education  and  means 
of  continuous  quality  improvement  are  in- 
cluded. Beginning  with  a  "patient  definition" 
of  rehabilitation  and  extending  through  chap- 
ters on  offering  and  managing  the  program, 
the  message  is  that  the  facility  should  con- 
duct and  evaluate  the  range  of  rehabilitation 
services  that  is  appropriate  for  the  patient 
and  family  population  that  it  is  targeted  to 
serve. 

Perhaps  the  most  obvious  change,  and 
the  component  most  likely  to  bring  the 
Guidelines  up  to  date,  is  the  inclusion  in 
the  appendix  of  the  document  of  the  joint 


American  College  of  Chest  Physicians/ 
American  Association  of  Cardiovascular 
and  Pulmonary  Rehabilitation  (AAVCPR) 
on  evidence-based  guidelines  (Chest  1997; 
1 12(5):(  1363-1396),  which  came  to  press 
at  just  about  the  time  the  second  edition  was 
being  completed.  It  seems  a  wise  and  prac- 
tical solution  for  physician,  nurse,  and  ther- 
apist readers  to  have  them  included  here, 
rather  than  simply  refer  to  them  over  and 
over  again.  For  those  not  already  using  the 
evidence-based  document  as  a  guide  for  pro- 
gram implementation,  this  offers  a  critical 
appraisal  of  the  research  related  to  rehabil- 
itation services. 

The  other  major  addendum  to  this  edi- 
tion is  a  49-  page  "Outcome  Tools  Resource 
Guide"  which  was  updated  by  the  AACVPR 
in  1997.  This  includes  a  description  of  53 
health-related,  clinical,  and  behavioral  out- 
comes measurement  tools  that  are  available 
from  a  variety  of  commercial  and  agency 
sources.  Particularly  helpful  for  the  clini- 
cian is  a  brief  description  of  what  each  tool 
is  intended  to  measure,  from  where  it  is 
available,  how  much  it  costs  to  acquire  its 
use,  and  how  long  it  takes  to  administer. 
Other  practical  considerations  about  use  of 
the  evaluations  are  included — even  a  refer- 
ence article  is  cited,  when  available,  so  that 
the  rehabilitation  team  can  access  scholarly 
appraisal  of  the  tool.  Considering  the  em- 
phasis on  outcomes  appraisal  in  today's 
health  care  environment,  the  resource  guide 
may  be  justification  enough  to  purchase  the 
text. 

A  third  addition  to  this  edition  is  a  chap- 
ter on  the  rehabilitation  of  patients  with  spe- 
cial conditions.  Because  many  patients  with 
conditions  other  than  chronic  obstructive 
pulmonary  disease  (COPD)  are  now  referred 
to  rehabilitation,  this  is  a  welcome  exten- 
sion of  the  previous  edition  of  the  text,  which 
had  been  directed  mostly  toward  improve- 
ment of  the  COPD  client.  Model  forms  for 
several  types  of  patient  assessments  that  ap- 
pear throughout  the  book  also  help  in  the 
evaluation  of  the  patient  without  the  COPD 
moniker. 

The  book  is  also  appropriate  as  a  text- 
book for  a  rehabilitation/continuing  care 
course  in  the  respiratory  care  curriculum. 
Many  photograph  illustrations  of  rehabili- 
tation functions  in  action,  along  with  clear 
text  boxes,  make  the  work  reader-friendly. 
The  division  of  chapters  based  on  under- 
standable components  of  the  rehabilitation 
process  makes  it  easy  to  fit  into  a  compe- 
tency-based curriculum  that  emphasizes  real 


skills  to  master  and  use.  Color  illustrations 
would  break  up  the  constant  green  and  white 
color  scheme  of  the  book,  making  it  more 
visually  interesting,  but  would  undoubtedly 
make  it  slightly  more  expensive.  Case  stud- 
ies in  an  appendix,  like  those  included  in 
the  first  edition,  could  illustrate  the  individ- 
ualization of  care  in  practice.  Cases  also  are 
a  desirable  instructional  tool.  Both  of  these 
changes  would  be  welcome  improvements 
to  a  future  third  edition. 

Phillip  D  Hoberty  EdD  RRT 

Director  of  Clinical  Education 

Respiratory  Therapy  Division 

School  of  Allied  Medical  Professions 

Rebecca  Hoberty  RRT  RCP 

Pulmonary  Rehabilitation  Services 

Center  for  Wellness  and  Prevention 

Ohio  State  University 

Columbus,  Ohio 

Critical  Thinking:  Cases  in  Respiratory 
Care.  Kathleen  J  Wood  MED,  RRT.  Soft- 
cover,l51  pages.  Philadelphia:  FA  Davis 
Co;  1998.  $23.95. 

Instructor's  Guide  to  Critical  Thinking: 
Cases  in  Respiratory  Care.  Kathleen  J 
Wood  MED  RRT  with  Lawrence  A  Dahl 
EdD  RRT.  Soft-cover,  1 18  pages.  Philadel- 
phia: F  A  Davis  Co;  1998.  $23.95. 

The  aim  of  Critical  Thinking:  Cases  in 
Respiratory  Care  is  to  present  a  structured 
approach  to  critical  thinking  for  students  and 
clinicians  in  respiratory  therapy  and  nurs- 
ing. The  authors  achieve  this  by  providing  a 
wide  collection  of  case  studies,  ranging  from 
simple  to  complex,  which  encourages  stu- 
dents to  become  active  participants  in  their 
learning. 

In  the  first  6  chapters  the  authors  provide 
a  rationale  and  introductory  material  about 
problem-based  learning,  an  overview  of  crit- 
ical thinking,  patient  assessment,  the  devel- 
opment of  respiratory  therapy  care  plans, 
time  management  and  outcome  evaluation. 
Chapters  7  through  19  present  various  pa- 
tient management  problems,  beginning  with 
simple  case  studies  and  increasing  in  com- 
plexity as  students  move  through  the  text. 
The  authors  also  include  4  appendixes  that 
include  tips  for  taking  the  National  Board 
of  Respiratory  Care  (NBRC)  Clinical  Sim- 
ulation Examination,  an  algorithm  for  trou- 
bleshooting, common  equations  used  in 
practice,  and  the  Glasgow  Coma  Scale. 

There  is  a  companion  text,  the  Instruc- 
tor's Guide  to  Critical  Thinking:  Cases 
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in  Respiratory  Therapy,  which  provides 
answers  to  "thought  prompts"  and  practice 
questions  found  in  each  chapter  of  the  stu- 
dent's text. 

The  text  is  primarily  written  for  students 
enrolled  in  respiratory  therapy  programs; 
however,  it  would  also  serve  as  an  excellent 
study  guide  for  graduates  of  respiratory  ther- 
apy programs  who  are  looking  for  resources 
to  prepare  them  for  the  NBRC  written  and/or 
clinical  simulation  examination.  In  addition, 
nursing  students  as  well  as  other  clinicians 
might  find  this  text  useful  as  a  supplemental 
text  in  their  classes  designed  to  analyze  pa- 
tient information,  think  critically  about  data, 
and  make  good  clinical  decisions  based  upon 
their  evaluation. 

Features  of  each  chapter  include  learning 
objectives,  key  words  and  phrases,  "thought 
prompts"  (designed  to  enhance  student  dis- 
covery of  information),  chapter  summary, 
references  (which  include  citations  to  clin- 
ical practice  guidelines,  if  appropriate),  and 
a  practice  test.  Answers  to  the  chapter  prac- 
tice tests  are  located  at  the  end  of  the  text. 
The  content  in  the  first  6  chapters  is  well 
organized  and  follows  a  logical  presenta- 
tion. I  particularly  like  how  the  authors  have 
developed  their  chapter  objectives,  consis- 
tent with  the  enhancement  of  critical  think- 
ing skills.  Students  are  asked  to  make  in- 
ferences, to  assess  information,  to  create — 
not  just  to  memorize  a  lot  of  facts.  The 
remaining  chapters  include  ca.se  studies, 
which  begin  by  providing  a  brief  introduc- 
tion to  the  case,  followed  by  other  pertinent 
patient  information.  "Thought  prompts"  are 
u.sed  throughout  each  case  study  and  pro- 
vide a  useful  strategy  for  directing  students, 
allowing  them  to  discuss  issues  relevant  to 
the  management  of  the  case.  The  overall 
layout  and  style  of  each  chapter  is  good, 
however,  the  organization  of  graphs,  charts, 
and  clinical  notations  associated  with  each 
case  study  is  presented  in  such  a  way  that  it 
is  hard  to  follow.  There  is  also  too  much 
variation  in  font  size  (maybe  too  small  in 
some  instances,  like  the  clinical  notations) 
on  each  page  of  the  text.  In  the  case  studies 
there  seems  to  be  too  much  information,  or 
too  much  difference  in  the  manner  in  which 
it  is  presented  on  each  page.  There  should 
be  another  way  to  organize  this  informa- 
tion. One  suggestion  would  be  to  organize 
each  case  study  like  one  would  present  a 
problem-based  learning  case  (with  separate 


pages).  The  case  studies  are  primarily  in- 
tended for  respiratory  therapy  students;  how- 
ever, I  would  like  to  have  seen  a  little  more 
emphasis  on  a  team  approach  to  the  man- 
agement of  these  case  studies.  Our  gradu- 
ates are  expected  to  interact  with  health  care 
interdisciplinary  teams  and  participate  as 
consultants;  perhaps  later  editions  could 
have  a  more  structured  approach  to  team- 
oriented  care.  This  could  only  be  of  benefit 
to  students  enrolled  in  respiratory  therapy 
educational  programs. 

I  would  recommend  this  book  to  anyone 
who  is  interested  in  enhancing  student  learn- 
ing. It  is  one  of  few  texts  that  introduces  the 
concepts  of  critical  thinking  and  PBL,  and 
then  provides  exercises  (cases)  within  the 
context  of  respiratory  therapy  education  and 
training.  As  small  group  or  problem-based 
learning  continues  to  replace  traditional 
learning  strategies,  there  is  little  doubt  this 
text  will  serve  as  a  model  for  other  texts  in 
the  future. 

Michael  W  Prewitt  PhD  RRT 

Director,  Respiratory  Therapy  Program 

University  of  Missouri-Columbia 

Columbia,  Missouri 

Cystic  Fibrosis  in  Adults.  James  R  Yankas- 
kas  MD  and  Michael  R  Knowles  MD,  Ed- 
itors. Foreword  by  Thomas  F  Boat  MD. 
Hardcover,  illustrated,  506  pages.  Philadel- 
phia: Lippincott-Raven  Publishers,  1999. 
$99.95. 

Cystic  Fibrosis  in  Adults  represents  the 
first  comprehensive  book  (506  pages)  on 
the  pathophysiology  and  treatment  of  cystic 
fibrosis  (CF)  in  adults.  The  timely  publish- 
ing of  this  book  indicates  the  extended  life- 
span of  patients  with  CF.  In  1997,  37%  of 
CF  patients  were  18  years  or  older.  The 
authorship  of  this  book  reflects  that  CF  pa- 
tients are  still  primarily  cared  for  in  the  pe- 
diatric realm,  with  more  pediatricians  than 
internists  as  contributing  authors.  One  third 
of  the  authors  (16/43)  come  from  the  med- 
ical center  of  the  book  editors,  the  Univer- 
sity of  North  Carolina,  Chapel  Hill,  yet  the 
book  still  has  balance  and  does  not  reflect  a 
kxral  perspective.  The  book  is  well  indexed 

In  the  preface,  the  editors  direct  this  book 
at  physicians  with  an  interest  in  CF  but  also 
believe  it  may  be  useful  to  respiratory  ther- 
apists, nurses,  physical  therapists,  social 
workers,  and  dietitians.  Although  most  of 


the  authors  are  leaders  in  their  field,  with 
MD  or  PhD  degrees,  a  single  nutritionist  is 
the  only  nondoctoral  contributing  author.  A 
multidisciplinary  approach  to  patient  care  is 
mandated  by  the  CF  Foundation  of  accred- 
ited CF  centers;  perhaps  the  authorship  of 
this  book  would  have  benefited  from  this 
balanced  approach. 

In  particular,  there  is  little  directed  to- 
ward the  respiratory  therapist.  In  Chapter  8, 

2  pages  are  written  on  how  to  manage  pa- 
tients with  severe  air  flow  obstruction  on 
the  ventilator  (ie,  permissive  hypercapnia, 
auto-PEEP,  and  low  tidal  volumes).  The  text 
in  Chapter  8  on  pulmonary  physiology  is 
generally  well  written  but  occasionally  a  lit- 
tle confusing  and  incomplete.  In  Chapter  5, 

3  pages  are  devoted  to  various  forms  of 
chest  physical  therapy,  including  exercise, 
forced  expiratory  technique,  flutter,  positive 
expiratory  pressure,  and  autogenic  drainage. 
However,  the  emphasis  regarding  the.se  ther- 
apies is  aimed  at  the  physician.  There  is  no 
instruction  on  how  to  implement  these 
modes  of  therapy.  In  Chapters  7  and  8  there 
are  some  loose  statements,  "physical  con- 
ditioning is  a  strong  predictor  of  survival," 
and  "  respiratory  drive  is  usually  excellent 
in  patients  with  CF,"  with  no  data  of  which 
I  am  aware  to  back  up  either  statement. 

Chapter  1 8  is  entitled  "Endocrine  and  Re- 
nal Disorders  in  Cystic  Fibrosis."  This  35 
page  chapter  covers  growth  and  stature,  sex- 
ual development  and  gonadal  function,  fer- 
tility, diabetes  mellitus,  side  effects  of  cor- 
ticosteroids, osteoporosis,  euthyroid  sick 
syndrome,  and  renal  problems  as  a  second- 
ary rather  than  a  primary  CF  problem.  I 
believe  this  chapter  should  have  been  bro- 
ken down,  and  more  emphasis  should  have 
been  devoted  to  problems  relatively  unique 
to  adults  with  CF;  diabetes  mellitus  and  os- 
teoporosis deserve  to  stand  alone. 

Drs  Knowles  and  Yankaskas  have,  how- 
ever, carefully  constructed  a  solid  review 
for  the  physician  with  an  interest  in  cystic 
fibrosis  and  any  medical  personnel  who  wish 
to  acquire  an  in-depth  knowledge  of  this 
disease. 

Moira  L  Aitken  MD 

Division  of  I'ulmonary  and 

Critical  Care  Medicine 

Department  of  Medicine 

University  of  Wa.shington 

Seattle,  Washington 
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The  only  Procedure  Manual  Available  for  Home  Care 


From  the  Patient  Care  and  Home  Care  Committee 
of  the  Pennsylvania  Society  for  Respiratory  Care,  Inc. 


The  ne*  Respiratory  Home  Care  Procedure  Manual  is  especially  designed  for  the  home  care  selling.  And,  il  is 


easily  adaptable  to  any  alternate  care  site  from  subacute  to  home  medical  equipment  companies  and  nursing 
agencies.  The  manual  features  five  sections  of  information,  forms,  and  checklists  for  the  patient  and  practi- 
tioner: Gntril.  This  section  includes  a  Standard  for  Providers  of  Respiratory  Care;  a  Patient/Client  Bill  of 
Rights:  and  provides  information  on  Discharge  Planning,  Rutlit  Rcspiratiry  Cart.  This  section  includes 
procedures  on  Disinfection  of  ftome  Respiratory  Equipment:  Oxygen  Therapy:  Oxygen  Delivery  Systems;  Aerosol 
Therapy;  Bland  Aerosol  Therapy;  Ultrasonic  Nebulizer;  Intermittent  Positive  Pressure  Breathing;  Cleaning  and 
Disinfection  of  Aerosol  Therapy  Equipment;  Bronchodilator  Metered  Dose  Inhaler;  Steroid  Metered  Dose  Inhaler; 
Peak  Flow  Meters;  OPT,  Bronchial  Drainage,  Percussion,  and  Vibration  Techniques;  Cough;  Mucus  Clearance 
Therapy;  and  if  also  includes  a  Treatment  Form,  Traveling  Form,  and  a  Daily  Care  Form  for  both  the  practitioner 
and  the  patient.  Specialized  Respiratory  Care.  Includes  Suctioning;  Tracheostomy  Care;  Nasal  CPAP/ 
BiPAP;  and  Apnea  trfonitoring.  Mechanical  Vettilatioa.  Covers  Mechanical  Ventilation;  Home  Environment 
Assessment;  Humidificafion;  a  Mechanical  Ventilation  Settings  Form;  Daily  Care  Forms;  Skills  Checklist;  Nega- 
tive Pressure  Ventilation;  Negative  Pressure  Ventilation  Checklist;  and  Pediatric  Ventilation,  Ancillary  Care. 
Includes  Activities  for  Daily  Living  and  Energy  Conservation  Techniques:  and  Nutrition, 

245  pages.  Second  Edition  by  (he  Pennsylvania  Society  for  Respiratory  Care,  Inc. 
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New  Products 
&  Services 


Noninvasive  Ventilator.  Nidek  Medical 
introduces  the  Silenzio*  Delta  -the  newest 
member  of  the  company's  NiPap*  Sleep 
Series.  According  to  Nidek,  this  device 
offers  the  comfort  and  performance  of  a 
bi-level  device  but  also  provides  back-up 
breath  rate.  The  company  says  the  Silen- 
zio  Delta  offers  clinical  controls  for  IPAP, 
EPAP,  breath  rate,  ramp  delay  and  patient 
selectable  ramp  reset,  and  that  it  can  be 
operated  in  either  spontaneous  or  spon- 
taneous/timed modes.  For  more  infor- 
mation from  Nidek  Medical,  circle  num- 
ber 187  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at  http://www. 
aarc.org/buyers_guide/ 


Inhaler  Assessment  Kit.  Clement  Clarke 
offers  its  new  In-Check™  Inhaler  Assess- 
ment Kit.  According  to  the  company,  this 
new  device  allows  doctors  to  assess 
whether  patients  are  properly  using  their 
metered  dose  inhalers  and  dry  powder 
inhalers.  Clement  Clarke  says  that  their 


new  product  provides  doctors  with  a 
means  for  training  patients  to  use  inhalers 
to  their  maximum  efficiency,  and  by  stim- 
ulating the  flow  characteristics  of  different 
makes  of  inhaler,  the  patient  can  be 
quickly  trained  to  inhale  at  the  optimum 
flow  rate.  For  more  information  from 
Clement  Clarke,  circle  number  188  on  the 
reader  service  card  in  this  issue,  or  send 
your  request  electronically  via  "Adver- 
tisers Online"  at  http://www.aarc.org/buy- 
ers_guide/ 


Electronic  Counter.  DHD  Healthcare 
introduces  their  CB™  multiple-use  elec- 
tronic counter  for  use  with  volumetric 
incentive  spirometers.  DHD  says  the  new 
device  helps  patients  count  and  monitor 
their  own  deep  breathing  exercises,  which, 
the  company  says,  allows  for  more  com- 
pliant and  effective  sustained  maximal 
inspiration  therapy.  A  company  press 
release  says  the  C3  coaches  patients  to 
achieve  and  sustain  a  six-second-breath- 
hold  for  maximum  collateral  ventilation 
and  lung  expansion.  It  also  adds  that  the 
device  counts  and  records  up  to  199  sus- 
tained maximal  inspiration  (SMI)  maneu- 
vers and  that  it  improves  patient  com- 
pliance by  making  SMI  therapy  easier  to 
perform,  chart  and  monitor.  For  more 


information  DHD  Healthcare  circle  num- 
ber 1 89  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at  http://www. 
aarc.org/buyers_guide/ 


Monitor.  Siemens  Medical  Systems,  Inc 
introduces  the  SC  8000  modular  patient 
monitor.  Part  of  the  company's  Infinity™ 
Patient  Monitoring  System,  Siemens  says 
the  SC  8000  can  be  networked  for  seam- 
less patient  monitoring  across  all  hospi- 
tal environments,  providing  caregivers 
with  fast  reliable  access  to  important  clin- 
ical information  from  wherever  they  hap- 
pen to  be  in  hospital.  The  company  lists 
the  devices  standard  features  as:  an  inte- 
grated parameter  set  comprising  dual 
chest-lead  ECG,  SpOz,  respiration,  dual 
temperature  invasive  blood  pressure,  non- 
invasive blood  pressure,  and  arrhythmia 
classification.  For  more  information  from 
Siemens  Medical  Systems,  circle  number 
190  on  the  reader  service  card  in  this  issue, 
or  send  your  request  electronically  via 
"Advertisers  Online"  at  http://www. 
aarc.org/buyers_guide/ 
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.lbs 


kgs 


B.  Adverse  event  or  product  problem 


I     I  Adverse  event      and/or  |     |  Product  probtem  (e.g..  defects/malfunctions) 


?.  Outcomes  attributed  to  adverse  event  , — , 

(check  all  that  apply)  U  disability 

j— ]  jjgg,^  □  congenital  anomaly 

I — I   .  (mo/day/yr)  Q  required  intervention  to  prevent 

I — I  life-threatening  permanent  impairment/damage 

I     I  hospitalization  -  initial  or  prolonged  Q  other: 


).  Date  of 
event 

(mo  day/yr] 


Describe  event  or  problem 


4  Date  of 
this  report 


Relevant  tests/laboratory  data,  including  dates 


Other  relevant  history,  including  preexisting  medical  conditions  (eg,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use.  hepatic/renal  dysfunction,  etc.) 


Mail  to:    MEDWatch  or  FAX  to: 

5600  Fishers  Lane  1  -800-FD A-01 78 

Rockville,  MD  20852-9787 


of 


Triage  unit 
sequence • 


C.  Suspect  medication(s) 


1 ,  Name  (give  labeled  strength  &  mfr/labeler.  if  known) 

#1 


#2 


2    Dose,  frequency  a  route  used 


#2 


3.  Therapy  dates  (if  unknown,  give  duration) 

Ifom/to  (Of  best  estimate) 
#1 


#2 


4    Diagnosis  for  use  (indication) 
#1 


#2 


6.  Lot  #  (If  known) 
#1 


7.  Exp.  date  (if  known) 
#1 

#2 


9.  NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 


#2  Dyes  D  no    Dgg^Py"'' 


8    Event  reappeared  after 
reintroduction 

#1  Dyes  Dno   ngg^Py"'' 


#2  Dyes  D  no    D^'' 


10.  Concomitant  medical  products  and  therapy  dales  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1 .  Brand  name 


2.  Type  of  device 


3    Manufacturer  name  &  address 


6. 
model  # 

catalog  # 

serial  # 

lot#  


other  # 


4    Operator  of  device 

I    I  health  professional 
I     I  lay  user/patient 
n  other: 


5.   Expiration  date 

(m&'day/yr) 


7    If  implanted,  give  date 

(mo/day/yO 


8    If  explanted,  give  date 

(mo/day/yr) 


9    Device  available  for  evaluation?               (Do  not  send  to  FDA) 
I     I    yes  LJ  no  Q  returned  to  manufacturer  on 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.    Reporter  (see  confidentiality  section  on  back) 


Name  &  address 


phone  # 


2    Health  professional? 

□  yes       □    no 


3.    Occupation 


5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      Q 


4.  Also  reported  to 
I    I      manufacturer 
I    I      user  facility 
I     I      distributor 


A  Form  3500 1/96)  Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 


Important  numbers: 

•  1-800-FDA-0178 

•  1 -800-FDA-7737 

•  1-800-FDA-1088 


1-800-822-7967 


to  FAX  report 

to  report  by  modem 

to  report  by  phone  or  for 

more  information 

for  a  VAERS  form 

for  vaccines 


If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.  Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.  However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information. 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to: 


DHHS  Reports  Clearance  Office 
Paperwork  Reduction  Project  (0910-0291) 
Hubert  H.  Humphrey  Building.  Room  531 -H 
200  Independence  Avenue.  S.W. 
Washington.  DC  20201 


"An  agency  may  not  conduct  or  sponsor, 
and  a  person  is  not  required  to  respond  to, 
a  collection  of  Information  unless  it  displays 
a  currently  valid  0M8  control  numtier." 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U.S.  DEPARTIMENT  OF  HEALTH  AND  HUIMAN  SERVICES 
Public  Health  Service  •  Food  and  Drug  Administration 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  $300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APO/FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO.  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


M 


EL^O^TCH 


The  FDA  IVIedical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 
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American  Association  for  Respiratory  Care 


Please  read  the  eligibility  requirements  for  each  of  the  classifications  in  the 
right-hand  column,  then  complete  the  applicable  section.  All  information 
requested  below  must  be  provided,  except  where  indicated  as  optional. 
See  other  side  for  more  information  and  fee  schedule.  Please  sign  and  date 
application  on  reverse  side  and  type  or  print  clearly.  Processing  of  applica- 
tion takes  approximately  15  days. 

n  Active 
Associate 

D  Foreign 

D  Physician 

n  Industrial 
n  Special 
n  Student 


Lost  Name 


First  Name 


Social  Security  No. 
Home  Address 


City. 


State 


^ip 


Phone  No. 


Primary  Job  Responsibility  fcheclr  one  only) 

□  Technical  Director 

n  Assistant  Technical  Director 

D  Pulmonary  Function  Specialist 

n  instructor/Educator 

D  Supervisor 

D  Staff  Therapist 

n  Staff  Technician 

D  Rehabilitation/Home  Care 

D  Medical  Director 

n  Sales 

n  Student 

n  Other,  specify 


Type  of  Business 

D  Hospital 

n  Skilled  Nursing  Facility 

D  DME/HME 

n  Home  Health  Agency 

n  Educational  Institution 

n  Manufacturer  or  supplier 

D  Other,  specify 


Dote  of  Birth  (optional) 


Sex  (optional) 


U.S.  Citizen? 


Yes 


No 


Have  you  ever  been  a  member  of  the  AARC? 
If  so,  when?  From 


to 


IjRl" 


Preferred  mailing  address:    D  Home    D  Business 


For  office  use  only 


FOJt  ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U.S.  or  its  territories  or  was  an  Active  Member 
prior  to  moving  outside  its  borders  or  territories,  and  meets  ONE  of  the  following  criteria:  (1)  is 
legally  credentialed  as  a  respiratory  core  professional  if  employed  in  a  state  that  monaotes 
such,  OR  (2)  is  a  groduote  of  an  accredited  educational  program  in  respiratory  care,  OR  [3| 
holds  a  crecfential  issued  by  the  NBRC.  An  individual  who  is  an  AARC  Active  Member  in  good 
standing  on  December  8,  1 994,  will  continue  as  such  provided  his/her  membership  remams  in 
good  standing, 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment 

Address _^^ 

City 

State  ^__^_ 


.Zip 


Phone  No. 


Medical  Director/Medical  Sponsor 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  care  but  do  not  meet  the  requirements  of 
Active  Member  shall  be  Associate  Members.  They  have  all  the  rights  and  benefits  of  the  Asso- 
ciation except  to  hold  office,  vote,  or  serve  as  chair  of  a  standing  committee.  The  following  sub- 
classes of  Associate  Membership  are  available:  Foreign,  Physician,  and  Industrial  [individuals 
whose  primary  occupation  is  directly  or  indirectly  devoted  to  the  manufacture,  sole,  or  distribu- 
tion of  respiratory  care  eauipment  or  supplies).  Special  Members  ore  those  not  working  in  a 
respirotory  core-related  field. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment 

Address 

City 

State 


-Zip 


Phone  No. 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  os  Student  Members  if  they  meet  all  the  requirements  for  Associate 
Membership  and  ore  enrolled  in  an  educational  progrom  in  respiratory  core  accredited  by,  or 
in  the  process  of  seeking  accreditation  from,  an  AARC-recognized  agency. 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care  Education 
(CRCE)  transcripts.  Upon  completion  of  your  respiratory  care  education,  continuing  education 
credits  may  be  pursued  upon  your  reclassification  to  Active  or  Associate  Member. 

School/RC  Program 

Address 


City_ 

State 


-Zip 


Phone  No. 


LengHi  of  progrom 

D    1  year 
n   2  years 

Expeeted  Date  of  Graduation  (REQUIRED 
INFORMATION) 


n  4  years 

n  Other,  specify 


Month 


Year 


American  Association  for  Respiratory  Care  •  1 1030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fox  [972]  484-2720 


American  Association  tor  Respiratoryi 


EMBERSHIP  APPLICATION 


DemograpM€  Questions 

We  request  that  you  answer  these  questions  in  order  to  help  us 
design  services  and  programs  to  meet  your  needs. 


Check  file  Highest  DegrBB  Earned 

D  High  School 

n  RC  Graduate  Technician 

n  Associate  Degree 

n  Bachelor's  Degree 

n  Master's  Degree 

D   Doctorate  Degree 


Numbsr  of  Years  in  Respiratory  Care 

D  0-2  years  D   11-15  Years 

n  3-5  years  D   1 6  years  or  more 

D  6-10  years 


Job  Status 

n  Full  Time 

n  Port  Time 

Credentials 

D  RRT 

D  LVN/LPN 

D  CRT 

D  CPFT 

D  Physician 

D  RPFT 

D  CRNA 

D  Perinotal/Pediatric 

□  RN 

Saiary 

D  Less  than  $10,000 

D  $10,001 -$20,000 

D  $20,001 -$30,000 

D  $30,001 -$40,000 

D   $40,000  or  more 

PLEASE  SION 

1  hereby  apply  for  membership  in  the  American  Association  for  Respiratory  Care 
and  have  enclosed  my  dues  If  approved  for  membership  in  the  AARC,  I  will  abide 
by  its  bylows  and  professional  code  of  ethics.  I  authorize  investigation  of  all  state- 
ments contained  herein  and  understand  that  misrepresentations  or  omissions  of 
facts  called  for  is  cause  for  rejection  or  expulsion. 

A  yearly  subscription  to  RESPIRATORY  CARE  journal  and  AARC  Times  magazine 
includes  an  allocation  of  $1  1 ,50  from  my  dues  for  each  of  these  publications, 

NOTE:  Contributions  or  gifts  to  the  AARC  are  not  tax  deductible  as  charitable  con- 
tributions for  income  tax  purposes.  However,  they  may  be  tax  deductible  as  ordi- 
nary and  necessary  business  expenses  subject  to  restrictions  imposed  as  a  result  of 
association  lobbying  activities.  The  AARC  estimates  that  the  nondeductible  portion 
of  your  dues  —  the  portion  which  is  allocable  to  lobbying  —  is  26%. 

Signature 

Date 


Membership  fees 

Payment  must  accompany  your  application  to  the  AARC.  Fees  are  for  12 
months.  (NOTE:  Renewal  fees  are  $75.00  Active,  Associate-Industrial  or  Associ- 
ate-Physician, or  Special  status;  $90.00  for  Associate-Foreign  status;  and 
$45.00  for  Student  status). 


D  Active 

□  Associate  (Industrial  or  Physician) 

D  Associate  (Foreign) 

n  Special 

n  Student 

TOTAL 


$  87.50 
$  87.50 
$102.50 
$  87.50 
$  45.00 


Speciaity  Sections 

Established  to  recognize  the  specialty  areas  of  respiratory  care,  these  sections 
publish  a  bi-monthly  newsletter  that  focuses  on  issues  of  specific  concern  to  that 
specialty.  The  sections  also  design  the  specialty  programming  at  the  national 
AARC  meetings. 

D  Adult  Acute  Care  Section  $15.00 
D  Education  Section  $20.00 
□  Perinatol-Pediotric  Section  $15.00 
n  Diagnostics  Section  $15.00 
n  Continuing  Care- 
Rehabilitation  Section  $15.00 
D  Management  Section  $20.00 
n  Transport  Section  $15.00 
n  Home  Care  Section  $15.00 
n  Subacute  Care  Section  $15.00 

TOTAL  $ 

GRAND  TOTAL  =  Membershfp  Fee 

pius  eptionai  sections       $ 


□  Total  Amount  Enclosed/Charged      $_ 
D  Please  charge  my  dues  (see  below) 


To  charge  your  dues,  complete  the  following: 
□  MasterCard 
D  Visa 

Card  Number 


Cord  Expires /_ 

Signature 


:i 


Mail  applkation  and  appropriate  fees  to: 
American  Association  for  Respiratory  Care  •  1 1030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fax  [972]  484-2720 


1999  Respiratory  Care  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its 
science  journal,  RESPIRATORY  Care,  invite  submission  of 
brief  abstracts  related  to  any  aspect  of  cardiorespiratory  care. 
The  abstracts  will  be  reviewed,  and  selected  authors  will  be 
invited  to  present  posters  at  the  Open  Forum  during  the 
AARC  International  Respiratory  Congress  in  Las  Vegas, 
Nevada,  December  13-16,  1999.  Accepted  abstracts  will  be 
published  in  the  November  1999  issue  of  RESPIRATORY  CARE. 
Membership  in  the  AARC  is  not  required  for  participation. 
All  accepted  abstracts  are  automatically  considered  for  ARCF 
research  grants. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  (1)  an  original  study,  (2)  the  eval- 
uation of  a  method,  device  or  protocol,  or  (3)  a  case  or 
case  series.  Topics  may  be  aspects  of  adult  acute  care,  con- 
tinuing care/rehabilitation,  perinatology/pediatrics,  cardio- 
pulmonary technology,  or  health  care  delivery.  The  abstract 
may  have  been  presented  previously  at  a  local  or  regional — 
but  not  national — meeting  and  should  not  have  been  published 
previously  in  a  national  journal.  The  abstract  is  the  only  evi- 
dence by  which  the  reviewers  can  decide  whether  the  author 
should  be  invited  to  present  a  poster  at  the  Open  Forum. 
Therefore,  the  abstract  must  provide  all  important  data,  find- 
ings, and  conclusions.  Give  specific  information.  Do  not  write 
general  statements,  such  as  "Results  will  be  presented"  or 
"Significance  will  be  discussed." 

ESSENTIAL  CONTENT  ELEMENTS 

Original  study.  Abstract  must  include  (1)  Background: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suf- 
ficient detail  to  permit  judgment  of  validity;  (3)  Results:  state- 
ment of  research  findings  with  quantitative  data  and  statis- 
tical analysis;  (4)  Conclusions:  interpretation  of  the  meaning 
of  the  results. 

Method,  device,  or  protocol  evaluation.  Abstract  must 
include  (1)  Background:  identification  of  the  method,  device, 
or  protocol  and  its  intended  function;  (2)  Method:  descrip- 
tion of  the  evaluation  in  sufficient  detail  to  permit  judgment 
of  its  objectivity  and  validity;  (3)  Results:  findings  of  the  eval- 
uation; (4)  Experience:  summary  of  the  author's  practical  expe- 
rience or  a  lack  of  experience;  (5)  Conclusions:  interpreta- 
tion of  the  evaluation  and  experience.  Cost  comparisons  should 
be  included  where  possible  and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncom- 
mon or  of  exceptional  educational  value  and  must  include  (1) 
Introduction:  relevant  basic  information  important  to  under- 
standing the  case.  (2)  Case  Summary:  patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  content  should  reflect 
results  of  literature  review.  The  author(s)  should  have  been 
actively  involved  in  the  case  and  a  case-managing  physician 
must  be  a  co-author  or  must  approve  the  report. 


FORMAT  AND  TYPING  INSTRUCTIONS 

Accepted  abstracts  will  be  photographed  and  reduced  by 
40%;  therefore,  the  size  of  the  original  text  should  be  at  least 
10  points.  Abstracts  should  be  400  words  or  less  and  may 
have  1  clear,  concise  table  or  figure.  A  font  like  Helvetica 
or  Geneva  makes  the  clearest  reproduction.  The  first  line  of 
the  abstract  should  be  the  title  in  all  capital  letters.  Titld  should 
explain  content.  Follow  title  with  names  of  all  authors  (includ- 
ing credentials),  institution(s),  and  location;  underline  pre- 
senter's name.  Type  or  electronically  print  the  abstract  sin- 
gle spaced  in  a  single  paragraph  in  the  space  provided  on 
the  abstract  blank.  Insert  only  one  letter  space  between  sen- 
tences. Text  submission  on  diskette  is  encouraged  but  must 
be  accompanied  by  a  hard  copy.  Data  may  be  submitted  in 
table  form,  or  a  simple  figure  may  be  included  provided  it 
fits  within  the  space  allotted.  No  figure,  illustration,  or  table 
is  to  be  attached  to  the  abstract  form.  Provide  all  author  infor- 
mation requested.  A  clear  photocopy  of  the  abstract  form  may 
be  used.  Standard  abbreviations  may  be  employed  without 
explanation;  new  or  infrequently  used  abbreviations  should 
be  spelled  out  on  first  use.  Any  recurring  phrase  or  expres- 
sion may  be  abbreviated,  if  it  is  first  explained.  Check  the 
abstract  for  (1)  errors  in  spelling,  grammar,  facts,  and  fig- 
ures; (2)  clarity  of  language;  and  (3)  conformance  to  these 
specifications.  An  abstract  not  prepared  as  requested  may 
not  be  reviewed.  Questions  about  abstract  preparation  may 
be  telephoned  to  the  editorial  staff  of  RESPIRATORY  CARE 
at  (972)  406-4667. 

Early  Deadline  Allowing  Revision.  Authors  may  choose 
to  submit  abstracts  early.  Abstracts  postmarked  by  April  2, 
1999  will  be  reviewed  and  the  authors  notified  by  letter  only 
to  be  mailed  by  May  7, 1999.  Rejected  abstracts  will  be  accom- 
panied by  a  written  critique  that  should,  in  many  cases,  enable 
authors  to  revise  their  abstracts  and  resubmit  them  by  the  Final 
Deadline  (June  11,  1999). 

Final  Deadline.  The  mandatory  Final  Deadline  is  June  11, 
1 999  (postmark).  Authors  will  be  notified  of  acceptance  or  rejec- 
tion by  letter  only.  These  letters  will  be  mailed  by  August  25, 
1999. 

Mailing  Instructions.  Mail  (do  not  fax!)  2  clear  copies 

of  the  completed  abstract  form,  diskette  (if  possible),  and  a 

stamped,  self-addressed  postcard  (for  notice  of  receipt)  to: 

1999  RESPIRATORY  CARE  OPEN  FORUM 

11030  Abies  Lane 

Dallas  TX  75229-4593 


sutiinit  your  Open  FORUivi  abstract  electronically 

l.com    . 


COVER  LETTER  &  CHECKLIST 

A  copy  of  this  completed  form  must  accompany  all  manuscripts  submitted  for  publication. 


Title  of  Paper: 


Publication  Category: 


Corresponding  Author: . 
Mailing  Address: 


Reprints:     □  Yes    □  No 


Phone: 


FAX: 


E-mail  Address: . 


"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscript,  and  approve  Its  sub- 
mission for  publication."  Please  print  and  Include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If  more 
than  4  authors,  please  use  another  copy  of  this  form.* 


•First  Author:. 


Author  Signature/Date. 


*Second  Author: 


Author  Signature/Date. 


*Third  Author: 
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Calendar 
of  Events 


AARC  &  AFFILIATES 

April  27 — Teleconference 

After  viewing  a  tape  of  the  second 
installment  of  the  AARC's  1999 
"Professor's  Rounds"  series, 
"Asthma:  Managing  the  Disease," 
participate  in  a  live  telephone 
question-and-answer  session 
(1 1:30-12  noon  CDT)  and  receive 
one  CRCE  credit  hour. 
Contact:  The  AARC  at 
(972)  243-2272. 

April  30 — Edinboro,  Pennsylvania 
The  Northwest  District  of  the  PSRC  will 
host  its  1 8th  Annual  Education  Seminar 
and  Equipment  Exhibition  at  the 
Ramada  Inn  Edinboro.  Featured  speaker 
is  Thomas  Petty,  MD,  presenting 
"Excerpts  fiom  the  Evolution  of 
Pulmonary  Medicine:  Looking  Ahead  to 
the  Solution  of  COPD." 
Contact:  Steve  Easly  at 
(814)866-3555. 

April  30-May  2— Philadelphia, 

Pennsylvania 

The  AARC  will  be  conducting  the 
Patient  Assessment  Course  for 
respiratory  therapists  at  the  Westin 
Suites  Philadelphia  Airport.  Each 
attendee  will  receive  a  pocket  guide  to 
physical  assessment,  and  16  hours  of 
CRCE  credit  are  available  as  well  as  a 
certificate  of  course  completion. 
Preregistration  is  required. 
Contact:  The  AARC  at 
(972)  243-2272. 

May  2-4 — Bellevue,  Washington 
The  Respiratory  Care  Society  of 
Washington  announces  the  26th 
Annual  Pacific  Northwest  Regional 
Respiratory  Care  Conference  and 
exhibit  at  the  Meydenbauer  Center. 
Speakers  include  forensics  expert  Dr. 
Henry  Lee,  AARC  neonatal/pediatrics 
section  chair  Katie  Sabato,  and  AARC 
spokesperson  Cheryl  West.  CRCE 
credit  available. 

Contact:  Ellen  Perry  at  (425)  899-3361 
ore-mail  ezperry@earthlink.net. 

May  4-5 — Hartford,  Connecticut 
The  CSRC  present  their  Symposium 


'99  —  "Confidence  in  Tomorrow"  at 

the  Foxwoods  Resort  and  Casino.  The 

keynote  sf)eaker  is  Richard 

Blumenthal,  Connecticut  Attorney 

General;  and  featured  speaker  is  Dr. 

Henry  Lee,  renowned  forensic 

scientist. 

Contact:  John  Evenwell  at 

(203)  688-2201  for  more  information. 

May  19-21— £■/  Paso,  Texas 

The  Southwest  Region  of  TSRC  is 
sponsoring  its  28th  Annual  Seminar  at 
the  El  Paso  Community  College, 
Transmountain  Campus.  Outstanding 
speakers  and  state-of-the-art 
equipment  will  be  featured,  and  up  to 
12  CE  hours  are  available. 
Contact:  Bertha  Butler  at 
(915)577-6563. 

May  19-21 — Virginia  Beach,  Virginia 
The  VSRC  announces  its  22nd  annual 
spring  seminar.  "Symposium  by  the 
Sea,"  at  the  Ramada  Tower  at  the 
Oceanfront.  Sam  Giordano  is  the 
keynote  speaker. 
Contact:  Dolly  Saunders  at 
(757)  468-0702. 

May  20-21 — Rockport,  Maine 
The  MSRC  presents  "The  Maine 
Event"  at  the  Samoset  Resort.  Topics 
include  ER  trauma,  neonatal 
waveforms,  pulmonary  rehab,  the 
tobacco  settlement,  and 
HMOs/managed  care. 
Contact:  Bobbi  Shirley  at 
(207)  797-0793  for  more  information. 

May  28 — San  Antonio,  Texas 
The  University  of  Texas  Health 
Science  Center  at  San  Antonio,  in 
conjunction  with  the  TSRC  (Alamo 
District)  and  Wilford  Hall  Medical 
Center,  announce  the  4th  Annual 
Riverwalk  Respiratory  Care 
Symposium  at  the  Sheraton  Four 
Points  Hotel  Riverwalk  North.  Topics 
include  disease  management, 
respiratory  care  in  the  year  2005, 
neonatal  update,  managing  cystic 
fibrosis,  and  critical  care  transport. 
Six  CRCE  credits  provided. 
Contact:  UTHSCSA,  Department  of 
Respiratory  Care  at  (210)  567-8850. 


June  16-18 — Oakbrook,  Illinois 
The  1999  ISRC  annual  convention 
and  exhibition  will  be  held  at  Drury 
Lane  Theatre  and  Conference  Center 
in  the  Chicagoland  area.  Topics  will 
include  management  and  subacute, 
with  opportunities  under  PPS, 
maximizing  career  potential  and 
survival  techniques  for  respiratory 
care.  Breakout  sessions  include 
mechanical  ventilation,  blood  gas 
regulation  update,  and  CO-oximetry. 
Contact:  Mike  Lawrence  at 
(618)  234-2120,  ext.  1287,  ore-mail 
mlawrence  @  lclsnet.lcls.lib.il.us. 


Other  Meetings 

May  6-8 — Las  Vegas,  Nevada 

The  American  Lung  Association  of 
Nevada  is  sponsoring  the  14th  annual 
Respiratory  Health  Conference  at  the 
Tropicana  Resort  and  Casino. 
Contact:  Call  (702)  431-6333  for 
more  information. 

June  12-16, 1999 — International  Society 

for  Aerosols  in  Medicine 

12th  International  Congress  at  the 
Austria  Center  in  Vienna,  Austria. 
Topics  include  aerosol  drug 
delivery,  aerosol  deposition  and 
clearance,  cellular  and  molecular 
interactions,  environmental 
aerosols,  standardization,  aerosol 
diagnostics,  and  aerosol  therapy. 
Contact:  Vienna  Academy  of 
Postgraduate  Medical  Education 
and  Research.  Alser  Strasse  4, 
A- 1 090  Vienna,  Austria.  Phone 
(-(43/1)405  13  83-22, 
fax(H-43/I)405  13  83-23, 
e-mail  medacad@via.at. 

August  \9-2()— Cleveland,  Ohio 
The  Cleveland  Clinic  Foundation  is 
sponsoring  a  continuing  education 
program  titled  "Respiratory  Therapy," 
which  has  been  approved  for  Category 
1  accreditation.  It  will  be  held  at  the 
Omni  International  Hotel. 
Contact:  For  more  information,  call 
Laurie  Martel  at  (216)  444-5696  or 
(800)862-8173. 


RESPIRATORY  CARE  •  MARCH  1999  VOL  44  NO  3 


381 


Notices 


Notices  of  compelitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs. 

and  the  like  will  be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days 

before  the  desired  month  of  publication  (January  1  for  the  March  issue,  February  1  for  the  April  issue,  etc).  Include  all 

pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept,  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


45^"    International 


Las   VegasJ    Nevada 


1999 


Helpful  UJeb.Sites 

American  Association  for  Respiratory  Care 

http://www.aarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

Respiratory  Care  online 

http://www.rcjournal.com 

—  1 997  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

Astlima  Management 
Model  System 

http://www.nhlbi.nih.gov 


The  National  Board  for  Respiratory  Care — 1999  Examination  Dates  and  Fees 


Examination 
CRT  Examination 

RRT  Examination 


Examination  Date 

July  10,  1999 

Application  Deadline:  May  1,  1999 

December  4,  1999 

Application  Deadline:  August  1,  1999 


Examination  Fee 

$120  (new  applicant) 

80  (reapplicant) 

120  written  only  (new  applicant) 

80  written  only  (reapplicant) 

130  CSE  only  (all  applicants) 

250  Both  (new  applicants) 

210  Both  (reapplicants) 


For  information  about  other  services  or  fees,  write  to  the  National  Board  for  Respiratory  Care, 
8310  Nieman  Road,  Lenexa  KS  66214,  or  call  (913)  599-4200,  FAX  (913)  54l-0156,or  e-mail:  nbrc-info@nbrc.org 
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Successful  CPT  Coding  Teleconference 
April  13,  1999 

A  90-minute  audio  teleconference  will  give  you  the  chance  to 
speak  directly  with  a  CPT  coding  expert  to  learn  new  coding 
strategies  and  how  to  minimize  costly  mistakes.  The  program 
has  been  approved  for  one  hour  of  continuing  education  credit 
by  the  AARC  and  by  the  Texas  Nursing  Association.  The 
speaker  will  be  Kevin  Shrake,  MA,  FACHE,  Administrator  of 
Cardiovascular  and  Critical  Care  Services  at  St  John's  Mercy 
Medical  Center  in  St  Louis  MO.  The  subjects  covered  are: 
Background  of  CPT  Coding;  Resources  Needed  to  Evaluate 
Coding  Systems;  Tips  on  Interpreting  the  CPT  Code  Manual; 
Selecting  the  Right  CPT  Code;  Matching  Revenue  Codes;  Split 
Billing;  Strategies  for  Successful  Coding;  Common  Sources  of 
Billing/Coding  Errors.  Call  the  AARC  at  (972)  243-2272  for 
more  informaton;  call  KRM  Information  Services  at  (800)  775- 
7654  to  register. 


Patient  Assessment  Course  for  Respiratoiy 
Therapists 

Due  to  overwhelming  demand,  the  patient  assessment  course 
for  respiratory  therapists  will  be  offered  twice  this  year.  Space 
is  at  a  premium  and  preregistration  is  required.  Successful 
completion  of  the  course  will  earn  participants  16  hours  of 
CRCE  credit  and  a  certificate  of  course  completion.  Each 
attendee  will  be  given  a  pocket  guide  to  physical  assessment,  to 
help  them  on  the  job.  Following  the  last  class,  participants  will 
take  a  100-item  test  developed  by  the  NBRC.  Tests  will  be 
graded  on-site  for  those  wishing  to  obtain  their  scores  imme- 
diately. Locations  and  Dates;  Philadelphia;  April  30-May  2; 
Phoenix:  July  18-20  (immediately  following  Summer  Forum). 
For  more  information  and  to  register,  visit  the  AARC  web  site 
at  www.aarc.org. 

AARC,  Affiliates  Set  Conference  Sciieduies 

The  AARC  and  many  of  the  affiliates  have  set  their  schedules 
for  1999  conferences  and  seminars.  Foremost  among  AARC's 
offerings  are  its  Summer  Forum  (July  16-18)  and  Annual 
International  Respiratory  Congress  (Dec.  13-16).  Check  out 
the  AARC's  website  at  www.aarc.org  for  all  meeting 
registration  materials  and  a  list  of  affiliate  conferences. 

Videoconference  Program  Set;  Nursing  CEUs 
Offered 

A  series  of  eight  videoconferences  are  scheduled  for  1999 
through  the  AARC  Professor's  Rounds  series,  which  are  now 
approved  for  nursing  CEUs  as  well  as  CRCE  credit.  Topics  are: 
respiratory  assessment,  asthma  management,  ventilator  man- 
agement, disease  management,  pediatric  emergencies,  COPD, 
PEEP,  and  respiratory  pharmacology. 

CRCE  Online  Debuts 

Now  you  can  earn  continuing  education  on  the  Internet  from 
the  AARC  through  its  new  CRCE  Online  website.  After  you  pay 
for  the  number  of  continuing  education  units  you  wish  to 
attempt  (by  submitting  your  credit  card  number  on  a  secure 
server  site),  you  are  given  access  to  the  list  of  courses.  Read 
the  material,  take  the  test,  and  then  print  out  a  certificate 
showing  you  passed.  Your  participation  will  also  be  noted  on 
your  CRCE  record  with  the  AARC.  Log  on  to  the  AARC's  web- 
site at  www.aarc.org  and  look  for  CRCE  Online. 


RESPIRATORY  CARE  •  MARCH  1999  VOL  44  NO  3 


383 


Authors 
in  This  Issue 


Aitken,  Moira  L 368 

Bigatello,  Luca  M 331 

Branson.  Richard  D 281 

Campbell,  Robert  S 281 

Gerlach,  Herwig 349 

Gerlach,  Marlene 349 

Head,  C  Alvin 340 

Hess,  Dean  R 281,  315 


Hoberty,  Phillip  D 367 

Hoberty,  Rebecca 367 

Hurford,  William  E 360 

Johannigman,  Jay  A 28 1 

Prewitt,  Michael  W 367 

Schoene,  Robert  B 366 

Stewart,  Thomas  E 308 

Zhang,  Haibo 308 


Advertisers 
in  This  Issue 


To  advertise  in  RESPIRATORY  CARE,  contact  Tim  Goldsbui^',  20  Tradewinds  Circle,  Tequesta  FL  33469 
at  (561)  745-6793,  Fax  (561)  745-6795,  e-mail:  goldsbury@aarc.org,  for  rates  and  media  kits.  For  recruitmeniy 
classified  advertising  contact  Beth  Binkley.  Marketing  Assistant  for  RESPIRATORY  CARE,  at  (972)  243-2272, 
Fax  (972)  484-6010.  Rick  Owen  is  the  Marketing  Director  for  RESPIRATORY  CARE. 


Bedfont  Scientific 25 1 

Circle  Reader  Service  No.  102  Call  (800)  457-5804 

California  College  for  Health  Sciences 269 

Circle  Reader  Service  No.  Ill  Call  (800)  961-6409 

DEY  Laboratories Cover  2 

Circle  Reader  Service  No.  1 1 3  Call  (800)  755-5560 

DHD  Healthcare Cover  4 

Circle  Reader  Service  No.  125  Call  (800)  847-8000 

ECO  PHYSICS,  Inc 269 

Circle  Reader  Service  No.  102  Call  (734)  998-1600 

Hamilton  Medical,  Inc 244 

Circle  Reader  Service  No.  1 19  Call  (800)  HAM-MED-I 

Kaiser  Permanente 27 1 

Circle  Reader  Service  No.  1 20  Call  (800)  33 1  -3976 

Lighthouse  Recruiting 271 

Circle  Reader  Service  No.  110  Call  (800)  832-8675 


Lippincott,  Williams  &  Wilkins 265 

Circle  Reader  Service  No.  108  Call  (800)  638-3030 

Mallinckrodt,Inc 275 

Circle  Reader  Service  No.  1 16  Call  (800)  635-5267 

Masimo  Corporation 242 

Circle  Reader  Service  No.  106  Call  (877)  4-MASIMO 

Mayo  Clinic  Scottsdale 255 

Circle  Reader  Service  No.  124  SEE  AD 

Pulmonetic  Systems,  Inc Cover  3 

Circle  Reader  Service  No.  130  Call  (909)  783-2280 

Vortran  Medical 246 

Circle  Reader  Service  No.  1 14  Call  (800)  434-4034 

Westmed,  Inc 261 

Circle  Reader  Service  No.  104  Call  (800)  724-2328 


Copyright  Information,  respiratory  Care  is  copyrighted  by 
Daedalus  Enterprises  Inc.  Reproduction  in  whole  or  in  part  without  the  express 
written  permission  of  Daedalus  Enterprises  Inc  is  prohibited.  Permission  to 
photocopy  a  single  article  in  this  Journal  for  noncommercial  purposes  of 
scientific  or  educational  advancement  is  granted.  Permission  for  multiple 
photocopies  and  copies  for  commercial  purposes  must  be  requested  in  writ- 
ing, via  e-mail  (rcjoumal@aarc.org),  or  telephone  and  approved  by  RESPI- 
RATORY Care.  Anyone  may,  without  permission,  quote  up  to  500  words  of 
material  in  this  journal  provided  the  quotation  is  for  noncommercial  use  and 
RESPIRATORY  CARE  is  credited.  Longer  quotation  requires  written  ap- 
proval by  the  author  and  publisher.  Single  reprints  are  available  only  from  the 
authors.  Reprints  for  commercial  use  may  be  purchased  from  Daedalus  En- 
terprises Inc.  For  more  information  and  prices  call  (972)  243-2272. 

Disclaimer.  The  opinions  expressed  in  any  article  or  editorial  are  those 
of  the  author  and  do  not  necessarily  reflect  the  views  of  the  Editors,  the 
American  Association  for  Respiratory  Care  (AARC),  or  Daedalus  Enter- 
prises Inc.  Neither  are  the  Editors,  the  AARC,  or  the  Publisher  responsible 
for  the  consequences  of  the  clinical  applications  or  use  of  any  methods  or  de- 
vices described  in  any  article  or  advertisement. 

SUBSCRIPTION  RATF,S.  Individual  subscription  rates  are  $75  per  year 
(12  issues),  $145  for  2  years,  and  $215  for  3  years  in  the  US  and  Puerto 
Rico.  Rates  are  $90  per  year,  $175  for  2  years,  and  $260  for  3  years  in  all  other 
countries  (add  $94  per  year  for  air  mail).  Single  copies  when  available  cost 
$7;  add  $9  for  air  mail  postage  to  overseas  countries.  Checks  should  be 


made  payable  to  RESPIRATORY  CARE  and  sent  to  the  subscription  office  at 
1 1030  Abies  Lane,  Dallas  TX  75229-4593. 

SUBSCRIPTION  Rates  for  associations.  Basic  annual  subscrip- 
tions are  offered  to  members  of  associations  according  to  their  member- 
ship enrollment:  101-500  members  =  $13.50/year;  501-1,500  =  $13/year; 
1,500-10,000  =  $12.50/year;  more  than  10,000  =  $1 1.50/year.  Individual 
subscriptions  ar  available  at  these  rates:  $75/year  ( 1 2  issues  in  the  United  States 
or  Puerto  Rico;  $90/year  in  other  countries.  For  information,  contact  Ray 
Masferrer  at  (972)  243-2272. 

Change  of  address.  Notify  the  AARC  at  (972)  243-2272  as  soon  as  pos- 
sible of  any  change  in  address.  Note  the  subscription  number  (from  the 
mailing  label)  and  your  name,  old  address,  and  new  address.  Allow  6 
weeks  for  the  change.  To  avoid  charges  for  replacement  copies  of  missed  is- 
sues, requests  must  be  made  within  60  days  in  the  US  and  90  days  in  other 
countries. 

MANUSCRIPTS.  The  Journal  publishes  clinical  studies,  method/device 
evaluations,  reviews,  and  other  materials  related  to  cardiopulmonary  med- 
icine and  research.  Manuscripts  may  be  submitted  to  the  Eiditorial  Office,  RES- 
PIRATORY CARE,  600  Ninth  Avenue,  Suite  702,  Seattle  WA  98104.  In- 
structions for  authors  are  printed  in  every  issue.  An  expanded  version  of 
the  Instructions  is  available  from  the  editorial  office. 

Copyright  ©  1999,  hy  Daedalus  Enterprises  Inc. 


384 


RESPIRATORY  CARE  •  MARCH  1999  VOL  44  NO  3 


Engineered  for  Breathing... 


Designed  for  Living 


Facility  Name 


City 


Tetephone 


Zip  Code  Country 

RE/PIR/KTORy  QiRE 


H 


Product 
Information 

for  AARC  membership  informal  ion.  circle  101 

101    102  103   104   105  106 

119    120    121    122    123  124 

117   138  139   140   141  142 

155    156   157    158    159  160 

173   174  175  176  177  178 

191     192    193    194    195  196 


To  receive  information  on  the  products 
and  services  mentioned  in  this  issue, 
circle  the  con-esponding  category 
number  or  individual  manufacturer's 
number.  Fill  in  your  name  and  address 
and  mail  this  postage-paid  card. 
Information  will  be  sent  directly  to  you 
from  the  manufacturer.  Please  print; 
incomplete  forms  will  not  be 
processed.  For  faster  service,  fax  to 
(609)786-4415 

For  R(smiuTo«Y  Cake  lubKription  intormMJon,  circle  102. 

107   108  109  110    111  112  113  1M  115    116  117  118 

125    126  127  128    129  130  131  132  133    134  135  136 

143   144  145  146   147  148  149  150  151    152  153  1S4 

161    162  163  164    165  166  167  168  169    170  171  172 

179   180  181  182   183  184  185  186  187   188  189  190 

197   198  199  200 


Name 

Title 

Facility  NanK 

Address 

City 

State 

Zip  Code 

Countiy 

mfL 


TVPEOflNSTTTUnON 
OR  PRACTICE 


n  Hospital 

□  Skilled  Nursing 

Facility 

D  Subacute  Care  Facility 

D  Home  Care  Practice 

D  School 

D  Distributor 


G  Diagnostics/ 

Pulmonary  Function 
n  Management 
D  Home  Care 
D  Rehabilitation 


II   DEPARTMENT 

A  D  Respiratory  Care 
B  n  Cardiopulmonary 
C  D  Subacute  Care 
D  n  Home  Care 

HI  SPECIALTV 


D  Clinician 

D  Perinatal/  Pediatrics 

D  Critical  Care 

D  Research 

D  Subacute  Care 


10  D  Education 

IV    PosmoN 

A  n  Department  Head 

B  n  Chief  Therapist 

C  D  Supervisor 

D  D  Staff  Therapist/ 

Technician 

E  a  Medical  Director 

F  n  Educator/Instructor 

C  D  Sales 

H  n  Other  (please  specify) 


V  AREYOU/UMAARC 
MEMBER? 

1    D  Yes    2    D   No 


idity,  value, 

III  features  that 

s  unique 

meumatic  design 

e. 

children  and 

r  acute,  subacute 

imecare). 

t  with  an 

more  information 

mts'  lives, 

etic.com. 


4   Tel:  909-783-2280 


Telephone 


DF/DIDAmPU  rADF 


Authors 
in  This  Issue 


Aitken,  Moira  L 368 

Bigatello,  Luca  M 331 

Branson,  Richard  D 281 

Campbell,  Robert  S 281 

Gerlach,  Herwig 349 

Gerlach,  Marlene 349 

Head,  C  Alvin 340 

Hess,  Dean  R 281,  315 


Hoberty,  Phillip  D 367 

Hoberty,  Rebecca 367 

Hurford,  William  E 360 

Johannigman,  Jay  A 281 

Prewitt,  Michael  W 367 

Schoene,  Robert  B 366 

Stewart,  Thomas  E 308 

Zhang,  Haibo 308 


Advert] 
in  This  I 


Bedfont  Scientific  . 

Circle  Reader  Service 

California  College  f( 

Circle  Reader  Service 

DEY  Laboratories .  . 

Circle  Reader  Service 

DHD  Healthcare .  .  . 

Circle  Reader  Service 

ECO  PHYSICS,  Inc 

Circle  Reader  Service 

Hamilton  Medical,  I 

Circle  Reader  Service 

Kaiser  Permanente. 

Circle  Reader  Service 

Lighthouse  Recruitii 

Circle  Reader  Service 

Copyright  Infori 

Daedalus  Enterprises  Ini 
written  permission  of  E 
photocopy  a  single  art 
scientific  or  education; 
photocopies  and  copies 
ing,  via  e-mail  (rejourn 
RATORY  Care.  Anyoi 
material  in  this  journal  ] 
RESPIRATORY  CARE 

proval  by  the  author  anc 
authors.  Reprints  for  cc 
terprises  Inc.  For  more 

DISCLAIMER.  The  op 
of  the  author  and  do  n 
American  Association 
prises  Inc.  Neither  are  I 
for  the  consequences  of 
vices  described  in  any  ; 

SUBSCRIPTION  Rat 

(12  issues),  $145  for  2 
Rico.  Rates  are  $90  per ; 
countries  (add  $94  per ; 
$7;  add  $9  for  air  mai 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL  PERMIT  NO.  2480  Dallas.TX 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  Subscriptions 

ATTN:  Beth  Binkley 
PC  BOX  29686 
Dallas  TX  75229-9691 


II...I.I.I...I.I..I.II.I..I.I...II..I.I Nil.,. I 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL  PERMIT  NO.  881  Riverton,  NJ 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


AARC  Publications 

PC  BOX  11605 
Riverton  NJ  08076-7205 


384 


I...I..I.II.„I...I.II..I...I..I.IIIm..I.I..I.I.I 


Engineered  for  Breathing... 


Designed  for  Living 


The  New  LTVIOOO 


Ventilator  Delivers 


Powerful  Functions 


within  a  Portable 


Configuration 


Powerful  Functions 

Pressure  or  Volume  Control 

Pressure  Support 

NPPV 

Flow-Triggering 

Variable  Breath  Termination  Criteria 

Oxygen  Supplementation 

Portable  Configuration 

12x10x3incties 
Lightweight-only  12.6  lbs. 
Internal  Battery 
Compressorless  Technology 


1  ulmonetic  Systems'  new  LTVlOOff" ventilator  imparts  quality,  value, 
and  innovation.  Showcased  in  its  small  package  are  powerful  features  that 
redefine  portability  without  compromising  functionality.  Its  unique 
miniaturization  technology  coupled  with  its  sophisticated  pneumatic  design 
afford  patients  maximum  mobility  for  a  better  quality  of  life. 

The  LTVIOOO  is  ideal  for  weaning  and  chronic  use,  for  children  and 
adults,  for  inter-facility  and  intra-facility  transport,  and  for  acute,  subacute 
and  homecare  environments  (510k  clearance  pending  for  homecare). 

Combine  this  versatility  and  technological  advancement  with  an 
affordable  price,  the  LTVIOOO  is  ventilation  at  its  best.  For  more  information 
on  how  the  LTVIOOO  can  improve  the  quality  of  your  patients'  lives. 
Call  us  at  909-783-2280  or  E-mail  us  at  info@pulmonetic.com. 


Pjilm^s^Mems 


Pulmonetic  Systems,  Inc.  930  S.  Mount  Vernon  Avenue,  Suite  100,  Colton.  California  92324   Tel:  909-783-2280 
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It's  easy  to  see  why  7/iemPEP''&  becoming 
the  PEP  therapy  device  of  choice. 


Easy  to  use. 

COPD  patients  can  master  Positive  Expiratory  Pressure  therapy  quickly,  and  maintain  an  effective  continuum  of  care  away  fiom  hospital. 
TheraPEP  improves  secretion  clearance,  facilitates  opening  of  airways  and  may  be  used  for  the  treatment  of  atelectasis. 

Easy  to  tolerate. 

TheraPEP  may  reduce  the  need  for  postural  drainage,  and  is  ideal  for  patients  unable  to  tolerate  conventional  chest  physiotherapy 

Easy  to  read. 

Highly  visible  pressure  indicator  provides  immediate,  visual  feedback  from  any  angle. 

Easy  to  adjust. 

Sk  fixed  orifice  options  allow  physicians  to  prescribe  appropriate  flow  resistance  levels  for  each  patient. 

Easy  to  carry. 

Draw-string  bag  lets  patients  carry  TheraPEP  conveniently  and  discreedy 

Easy  to  clean. 

Durable  plastic  construction,  removable  base,  and  linear,  valved  resistor  promotes  easy  cleaning. 

Easy  to  order. 

To  order  your  TheraPEP,  or  a  free  catalog  of  DHD  quality  respiratory  care  products,  call  toll-free  today 

1-800-847-8000 


Positive  Expiratory  Pressure  Therapy  System 
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